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DISCLAIMER

The contents of this rep‘orf reflect the ;/iews of the'? authors
who are responsible for the facts and the accuracy of the data
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official vieWs'or-poTicies’offthe’Federa] HighwayiAdministratfoh;
This report does not constitute a standard, specification, or

regulation.
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ABSTRACT

The Model 2174 Dynamic Force Readout is an ihstrument developed at
Texas Transportation'InstitUte for measuring the peak force on the top
of piles during driving. _The instrument is intended. initially for use
with piles which have been instrumented with strain gages and u1£fmate1y
with a universal transducer which can be placed on the head of the pile |
during driving; Several design features are'ihéorporated to make thé
instrument particularly useful as a practiba] fie]d-worthy‘measuring tool,
such as being se]f-contéined and portable with an iﬁternal poWer supply.
It uses a carrier type strain gage amplifier and phase sénsitive demod-
ulator to suppress self-generating strain gage responses during driving.
A special balance error correction amplifier is ihqorporated_to compen- -
Sate for bridge balance errors (drift) which will be present in any

instrumentation on field test'piles.

Key Words: Strain Gage Amplifiers, Piling Instrumentation, Peék

- Detector, Force Measurements.
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~ SUMMARY

~ The operating instructions presented in this report are those
necessary for operation of the Mdde] 2174 Dynamichile Force Rehdbut,
an dinstrument fof measuring therpeak'force on a pi]e‘du?ing driving.
This instrument was deveioped at Texas Transpdrtation Institute under
research study number 2—5-73-174.after an extensive search was.made,
withbui success, to purchase a commercially available instrument which
would satisfy the project objective.

This paper lists the tentative specifichtions for the newly

developed readout, gives complete and détailed operating ihfqrmation,
describes the theory of operation and presents the complete set of

electrical schematic diagrams.
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IMPLEMENTATION STATEMENT

Research Report 174-1(F) givés the operating_inétructions necessary
fbr technical personnel to operate and use the Mbdé1'2174Dynahic Pi1e_
Force Readout. It'and the operating iﬁstructidnS'are'now available
for use by the Texas Highway Department; however, the instrument is -
scheduled to undergo an extensive one yeér fié1d e?éluafion-beginning
1 September 1974 under a currently approved research prbjéct sponsored
by the Texas Highway Department. At the end of thisvperiod; additional
user instructions will be furnished to the research sponsor along with

the results of the field evaluation in the form of a technical report.
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Section 1

INTRODUCTION

This manua];détaiis the user instfuctions‘neéessary.fdfVoperating
a Dynamic PiIe Force Readout, an e]eétronic 1nstkument whiqh haé been
déve]oped at the Texas Transportation Institute uhdér'Rééea¥éh'Pidjéct;
Number 2;5-73-174,-entit1ed "Deve]opment‘of Dynaﬁic'Peak-Force Readout
Apparatus for Use in Analysis of Piling Behaviok." This manya] is_
submitted to fulfill the specific requirementé of Taék 5, P1an:A of the
researéh proposal. The research, sponsored by the Texas Highway Depart-
ment in cooperation with the‘Federa1 Highway Adminiétration, had an
objective "to provide an electronic readout unit for displaying the
maximum dynamic force on the head of a pile at the time_the pile is
being driven." | | / v_r _ :

Early in the broject an extensive search~wasﬁmadeﬁtd determihé if
é device was»commercig11y avaflable which would meet fﬁé project dbjecfb
tfve. Requésts to bid on the specifications for'the,devicé were sent‘ |
to over twenty proépective suppliers. No faVorab]e responses were"
received and in accordance with the project wofk plan it was deCided '
to design and fabricate the readout device. At the time of this writing
the authors feel that the design objective has been met, although this
judgement is based solely on laboratory tests. A thorough field eval-
uation of the readout is to be conducted during the following year under
a currently approved research project scheduled to commence on 1 Septem-

ber 1974 .



The authors wish to express: thei rrappreciation to Dr Ha'rr"y M. Coyle _. '
of Texas Transportation Institute and Mr. H. -_D‘. Butler of the Tekasr HighA-
way De;partmehtffor their detailing of the readout -réqui _féments to 'i"‘n‘sluré
its use as a valuable tool in the overall soTutidh of 'pﬂe driv%ng’-lrpr:ob-'

lems using the Wave Equation Method of Analysis.



II.

ITI.

Section 2

TENTATIVE SPECIFICATIONS =

General Information

The Model 2174 Dynamic Pile Force Readout is a-seTf—contained, 7
field, electronic instrument which providééjé&pabi]itiééitblméaSUFé the
peak value of the compressive impact forces de]ivered-to a pile during ,
driving. This value is displayed directly in Kips on a digité] panel

meter,

Input Transducer

The instrument is intended for use with full bridge strain gage

‘type transducers or piles instrumented with a full bridge having gages

ranging in resistance from 120 to 500 ohms.

Sighal Conditioner

Thé signal conditioher is of the carrief typevinfénded-to édbpréss
5e1f—genérating responses of strain gages when uséd with piléﬁ.
A. Carrier Frequency
Approximately 10 KHaz, Amplitude stabilized.
B. Excitation Voltage
Approximately 3 VRMS to 4.5 VRMS depending on bridge reéistance._
C. Frequency Response | -
DC to 1 KHz pass-band. Pass-band flatness = #0.2 db. Down
3 db at 2.55 KHZ.‘
D. Range

Minimum of 50 Kips for direct reading. Full scale of 1,000
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V.

VI.

Kips for direct reading.
E. MNoise
0.1% RMS of full scale.
F. Carrier-suppression-
Approximate]y 50 db.
G. Output Signa]s Ava11ab1e Firom Front Pane] o
.'1,“'BNC Oscilloscope output for driving h19h 1mpedence '
instruments having input impedence of 1}meg ohm or higher, -
Approximately +2 V-F.S.f |
2. Bfnding Post Galvonometer or. current output for dfiving
low impendence instruments of approximately 27 ohms.
3 25 milliamperes F.S.
H. ,Ba]ance _ |
Resistance Balance with range of approx1mate]y 3, 000 M,stra1n.
‘>‘Capac1t1ve Balance with range of approx1mate1y 0 0005 Mfd.
Dur1ng operation ba]ance is not critical due to- 1nC]US10n of

a ba1ance error correct1on amp11f1er.

Accuracx,gi the Readout

1% of F.S.

Display 7 ,
3% digit digital panel meter

Calibration
A front panel push-button switch is provided to insert one of 10
preselected shunt calibration resistors to simulate an impact force.

Front panel fine and coarse gain adjustment are provided to scale the
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VIII.

IX.

XI.

XII.

display to read directly in Kips.

Power Requirements

The instrument can be operated from 117 VAC Tine, 12 VDC external
battery or ffom ah internal battery provided, séiectab1e from. the front
panelsv The internal battery is of the completely sea1ed, lead-acid type
having a 5 amp-hour rating. It can opéréte?fhe rééddﬁfi?dk~épprcximately
3 continuoué hours. An integral battery charger is provided which '
charges the battery automatically when the unit is p1uggéd'1ntd a source
of 117 VAC. Charging time is approximately 16 hours minimum. The,  |
condition of the internal battery can be monitored by depressing a push-

button.

Sampling Rate -

A Thumb Wheel Switch having a range of 0 to 99 selects the number
of hammer blows between sémp]es whdse peak value is detected and &1sp]ayed
on the digital panel meter. A reset button is provided to restartrthé"

count to .zero if desired.

Warm-up Time

5 seconds.

Case

Sealed type, 10" x 16" x 12" high.

Weight
Approximately 26 pounds.

Operating Temperature Range

0°C to 70°C.
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Section 3

OPERATING INFORMATION

General Description

Research has been conducted by the Texas Transnertatibn‘Institute'
in cooperat1on w1th the Texas H1ghway Department in “the area of bear1ng
capacity of ax1a11y Toaded piles. Spec1f1ca11y, the research has cen-
tered about the prediction of pile bearing capaCJty_by a method-w1de1y
known as the Wave Equation Methqd of Ana1ysis. One of the preblems'
associated with this method is that an aceurate model of therpi1e
hammer and driving accessories is difficu]t'to achieve for a11‘driuing'
conditions. This problem can be alleviated to a 1arge~degreenif_the:
maximum dynamic force which is delivered to the top of thevpiie’by;the
hammer and cushion assemb]y can be accurately determined.

The Model 2174 Dynam1c Peak Force Readout is des1gned and 1ntended
to make these necessary measurements for use as 1nput data to the computer
s1mu1ation and solution of these prob]ems by the Wave Equation Method
of Analysis. »

This unit is currently intended for use with pi1esd{nstrumented
with a full bridge of strain gages to measure the peak compressive force
delivered by a’typical hammer .blow. The readout ultimately is intended
for use with a universal strain gage transducer which wi]]vgreat1y sim-
plify ca]ibratien and operation of the readout. These.operating in-
structions, however, will detail its operation on1yswith:instrumented

piles. See Figure 1.



9f’.jhstrumented
- [Pile

'Intérbonneét ééb]ef;7 : J"“ -

Model

¥ oy o
2174 T T e e TStrain Gages
. Readout ~*1 ‘] , o
Figure 1. Simplified Block Diagram Showing the

Readout Used With Instrumented Piles.



II. Instrumentihg_the Piles

Piles to be used with the readout by the Texas Highway Départment
will be either_cdncrete or steel heta]-she]]. NOrha11yAthe-cohcrete
piles are 16" square and the metal shell are 16 inch%diameter X % inch
‘wall. Great care should be taken that this instrumentation be insté]léd:
properly and adeqdate]y protécted from the environment. ;A_brief dis-
cussion of pertinent details for this instrumentation are'inc?uded’bé1dw; |

_ A, Concrete Piles | | ' |

“For all concrete piles PML-]OOS>embedment strain gages'héving'

Yaagagé resistance of 300 ohms are recommended. They are manu-
factured by Tokyo Sokki Kenkyujo Co., LTD, of Japan. These
gages must be secufed with reinforcing stee}ftie;wire to thé
pre-stressing steel, wired into a full bridge;and_aicab1e exitEd
prior to casting of the concrete. "Fie]dvlnstrumentatiqn_For'
Piles" by Hirsch, et. al., details the insta]]ation pf;these
gages. The gages should be Tocatgd.ét least 3 feetrfrOmvfhe
;héad‘o% the pile so that they aré located away from the non-
uniform strain field present near the very top of the ﬁi]e.
There aré.two.techniques'for installing the full bridge."The
first consists of 4 active gages, 2 of which aréipositioned
longitudinally 180° apart and the other 2 positioned horizon- -
tally 180° apart. See Figures 2 and 3. o

These gages are then wired info a full wheatstone bridge
as shown in Figure 4, _

The other technique for instrumenting concrete piles is

to install 2 Tongitudinal active gages and 2 "dummy" gages.



: .’Reinforcing-St691 Wireines

Strain Gage

R —— d
\ _ e E\ \\1 172
BSOS B

Z{i Z{—-lr‘loode»nSpace\r'
—Prestressing Steel : |

Figure 2, Detail of a sing1e concrete embedment gage tied to the
prestressing steel. Note the wooden spacer which allows

concrete to completely surround the act1ve portion of
the embedment gage.



Form
(R

\ = Prestressing Steel
\ | N
\ N . , ) |
o -— Horizontal \\\ o o
I 7 ~.Strain Gages SN . Y e B
- ) : : ‘
O €

o /4|

/ v e A

Z{» Wooden Spacer
Longitudinal Strain Gages

— Reinforcing Steel

Note that the pairs of horizontal and longitudinal gages are 180°‘apakt

and equally spaced about the center 1ine of the pile.

Figure 3. End view of reinforcing steel and pile form showing;pTacement
of concrete embedment gages. Note 2 gages are placed longi-
tudinally and 2 are placed horizontally.
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InterconnectVCab1e_

Figure 4. W1r1ng d1agram for the 4 gages 1nsta1]ed ina
Concrete Pile.
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The "dummy" gage is made by taking the same PML embedment strain
gage, enéapsu]ating it so that it is insensitive to strains in
the concrete but still acts as a tempefatUre sensor tofprovide
approximate temperature compensation for the bridge. Figures
5a and b show details of the construction ofvthe "dummy"»gége.
Two pieces of 16 gauge steel (%" x‘6".10ng) is clamped and

g]uéd:withrw,:T.'Bean RTV}epoxy to each face of the embedment
gaée. These steel strips have a thermal expansion co-efficient
c]ose:to that of concrete, They thereby prd&ide temperature

compensation for the completed bridge;“Next,'2‘p1eces,Qf raw;j
| rubber tape approximately 1" x'6".x‘1/8" thick ére placedron"
each exposed face of,the stee]lstrips. ~This assembly iS;then '
p]acédlinto a'piéce of 1" inside diameter x 7" long X 16 or 18
gauge,aluminum tubing. The tubing is Squeezed flat in a vise {
untiT'itrho1ds the gage firmly in place'bg§Ween the,rqbbgr_ '
"Pil]ow".rThe géQe-shou]d,not be a1lowed~£b move freeTy.jndeg
:the'aluminumitube.* The ends of fﬁe aiuminumvtubé are theh -
potted With RTV si]astié rubber to complete the waterbroo?ing.
The wire is exited through the siTasticvgt one end.

~ Two of these "dumhy" gages- along with 2 active gages are
tied to the reinforcing steel as shown in Figure 3. In this =
case the "dummy" gages are placed in the horizontal pOSition'
and wired into the bridge as shown in Figure 4.
The advantagé of.this technique is that Poisson's ratio

(difficult to determine) for the concrete does not have to be

taken into account in the readout calibration.

12



16 gauge
steel strips

Aluminum Tubing

o

<  “\\§i\\\\Y\\\ f_i

Raw Rubber Pillow

Figure 5a. Shows a cross section of the construction of a
"dummy" gage for concrete piles.

Figure 5b. Shows an outside photograph of the cpmpletédxgage.
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When pTacihg,thefgages,'greateareshdu1dibgztaken th

securely fasteningfthe’gages s0 that'theyvare not‘moved'during

',piacement of the’eoncrete Add1tiona11y, a11 w1re connect1ons o

: should be coated w1th a 11bera1 amount of Gage-Cote 1, then a

| piece of heat shrink tub1ng is to be shrunk over the connect1on

" 50 that the Gage-Cote is squeezed out of the Jo1nt

"B.;‘Metal Shell Steel Pipe Piles ' |

A]teth (fokmerly Microdot'.IhC') No SG189~ 120 weldab]e strain
*gages ava11ab1e from Techn1ca1 Products, Inc s Da11as Texas
are recommended for usemon meta1~she11 p11es; These,gages may
be~easilydand quick1y‘spdt'ue1ded to the exterioh‘or the;interior’
surface of the p11e w1th minimum surface preparat1on FOr these
p11es, a full br1dge cons1st1ng of 8 act1ve gages (4 hor1zonta1
and 4 1ong1tud1na1) are recommended to_be,attached at 4 locations
Spaced 90° apart around the surface of”the:pile‘ See Figure 6.
The installation ‘should ‘be at least 2 pile d1ameters from the .
head of the pile. Adequate 1nsta11at1on 1nformat1on for these
'gages is avai}able from the supp]jer. W1r1ng of the e1ght gages
into a full wheatstohe bridge is shdwn in F1gure-7. The gage -
‘ihstallations should be coated,with BeanAGage-COte‘Svahd Wiring-i
joints shouid be carefully soldered and proteetedAas outlined

for concrete gages.

III. Interconnecting Cable

The readout is provided with-a 100 foot piece'of Belden 8723.cabje
which should be connected to the pile bridges as shown in Figures 4 and

7, to maintain proper signal polarity. A'compressiye stress will'then

14



Figure 6 Top View of metal shell pipe pile showing the 1ocat1’oh
‘ of 8 weldable strain gages on the outer surface.
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[\ Red
|| Uhite
] Black
I Green
L
| Shield

Figure 7. Wiring diagram for‘the,eight weldable strain gages )
installed on metal shell pipe piles.

16
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yield a positivé voltage inside the readout. if'a'1onger cable isoneeded,"

~additional length of the same type wire can be either spliced onto or

~_connected to the 100 foot piece with a suitable good quality conheétor.

Like colors should be connected together when adding‘cab1e.

Function of Front Panel Controls

Refer to F1gure 8.

A.O

117 VAC input receptacle - located in the upper. right hand
‘corner is the input for externa] AC power used to power the
unit and/or:tharge‘the internal battery ' A.mating cab]é is
prOVided When this receptacle is connected to an appropriate
power source the battery is automat1ca11y under charge regard-
less of the position of other controls.

12 VDC Binding Posts - located in the upper r1ght hand corner-

of the front pane1;is the input for externa] 12 vDC power such .

~as an automobile battery} Nhen using theSeibinding posts it

is important that proper’polarftyobe maintained as indioated

oh_the panel. Reverse po]arity will not-damage’the'readOUt,

however, it will not operate.an powef source»greater than

15 VDC under no circumstances must be'connected to these

terminals.

Power Selector Switch - selects one of three alfernate power
source to operate the readout.

1. Position off: 1in this position none of the readout
electronics is operating. Note that if the readout is connected
to.]]7 VAC the battery is under oharge even if this sWitch is
in the off position (Refer to section on battery charging).

The readout should be returned to this position when it is not

17



Figufe'8.

Photograph Showing
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in use. _ | , ,
2. “AC or internal battery position - In thisfposttion'the'

tnternaT_battery is powering'the readout iF:AC*power~ts:not

Vconnected If AC power is connected, it is. powering the unit

and automat1ca11y charging or ma1ntain1ng charge on- the internal

» battery. When AC power is ava11ab1e 1t shou]d be used to

operate the readout 7

3.. Externa] battery posit1on. In this pos1t1on externa] ,
12 VDC power is operating the readout through- the 12 VDC Binding
Posts. No. provision is made for charg1ng an- external battery
from the readout. | ‘_’ |
Input Receptacle - The 1nstrumented p11e or force transducer
connects to this receptacle v1a,the:interconnecttngf;ab]e
which is provided.

R Balance Knob - provides for ba]ancingﬂresistiye unbalance in

the strain gage bridge and tnterconnectingvcableﬁihThere is a

standard locking feature located be]ow the knob wh1ch shou]d

be engaged after ba]anc1ng..
C Balance Knob - provides for balancing capacftiye Unbatance :

in the strain gage bridge and intereonnecting cable. There is

a standard locking feature located below the knob, which should

be engaged after balancing.
Calibrate Resistors - This switch se]ects one of 10 prec1s1on
resistors to be used in calibrating the readout The-values

for these resistors is shown in the following table.

19
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Switch Resistor
Position Value
1 15 K ohms
2 20 K ohms
3 49,9 K ohms
4 © 60.0 K ohms
5 68.1 K ohms
6 102 K ohms
7 232 K ohms
8 332 K ohms
9 499~ K ohms
10 1. megohm

Calibrate Push-button--'When‘thisAbuttoh isﬁdépréssed,»the
preQSE1ectedAcalibration resistor ié shunted across an appro4
priate arm of the bridge sb as td simu?éfé a posftjvé:fbrce of
known value. .

Battery Check Push-button -'Nﬁen-thié button:is,depré§Sed; the
edgéﬁise panel meter 1nd1catés"£he:cbnd§ﬁ10ﬁ7of'eithértheA‘ |
internal battery, the ihtefnal AC béwefjﬁupp1y, oh'fhé-externa]
battery, depending on the position of‘the Poﬁer~$e1ector Switch.
A reading of 45 or grEater,indicatés aAsatisfactohyAcondifion;
The'inferna1 battery should always be checked whén’dhder:normal
load, i.e.: the AC power cord disconneCted'and‘the-Power
Selector Switch fn the AC or internal éattefy po#ition.u
Edge-wise Panel Meter - Tocated in the uppér center df the
paneT, accomplishes two functions. :It;continuously monitors

the degree and adequacy of bridge balance. When the batféry

check push-button is depressed it indicates power conditibns

20



Kl

0.

| ésfdiscussed in paragraph I. above. :
Reset Button - This: button, when depressed resets a]] the
1nterna1 d1g1ta1 1og1c to zero pr1or to operat1on

| Thumb whee1 Switch - 1ocated above the digital panel meter has

a capabi]1ty for sett1ng in any whole ‘number . from 0 to 99.

_Th1s sett1ng shows the number of hammer blows between samp]ed

b1ows whose,peak_va]ue is displayed on -the d1g1ta1 pane] meter.
For example: if the number 3 is set in and the nesetﬂbutton
momentarily depressed, the readout will sampIE'the‘fburth'bjow,
ignore the following 3 blows; then sample the 8th h]ow, ignore

3 more blows, then sample blow number 12, etc. At any time
~the.reset button may be depressed to restart the count indicated
on the Thumb Wheel switches. |

Gain Control Knobs - provide fjne‘and'coarse.adjustments_fqr
scaling the digital panel meter so that it~reaqs_out;qtre0t1y
'in'Kips.‘.Details-of'setting system gein'are ginen’in the:seetion
on catibration Each knob has a standard 10ck1ng feature wh1ch
'should be engaged when adJustments have been comp]eted

Digital Panel Meter -'is a 3% digit.unit wired:to indicate
'force directly in Kips when the readoutbis'propetlybcalibrated.
During operation and.calibration'the decimal point inrthe tenths
position will periodically light, indiéating that the next

blow will be sampled. This 1ight goes out after sampling occurs.
AThe sampled reading is held until the next blow to be sampled
occurs, | |

Indicator Light - (Ind.) is a visual indicator to show that

21



V.

f the readouthis'detecting ﬁndividua1 hamner blows; As”aVbiow .
occurs it will momentarlly 111um1nate for. approximate]y 0 1

| seconds as each b1ow occurs regard1ess of whether or notlthat o

is the b1ow to be samp]ed and disp]ayed on the dig1ta1 pane1
;meter.: Its. momentary 11ght1ng as. blows occur is an 1nd1cat1on' o

-,;of proper readout operation.,

P. Galvonometer B1nd1ng Posts - are ava11ab1e as a CUrrent outputiﬁ R

suitab]e for dr1V1ng ga]vonometers and other low impedence
dev1ces._ Approx1mate1y twenty-f1ve (25) m111i amperes are ;f -
'ava11ab1e for fu11 sca]e or 1, 000 Kips for a.galvonometer
having-an 1mpedence of 27 ohms. A Honeywe]] galvonometer

no. M1650 is recommended: for use on this output

Q. 'Osc1lloscope BNC. Connector ~-is ava11ab1e as a vo1tage output N

for dr1v1ng osc111oscopes or other 1nstruments having an 1nput»-_<

1mpedence of 1 megohm or higher. Low 1mpedence dev1ces or t' o

short c1rcuits shou1d neVer be connected across this output. R

OperatingfInstrUctions3and-Calibration fvf-T'T

1. Connect TrénSducer: Connect the;1nstrumentedlpile;ornforcej :
transducer .to the reedout,input_connector ustng:theginterconnecthceble T
provided. Insure that proper”poTarity'hachbeen maintoined hytmaking' |
the connect1on between the p11e and the 1nterconnect cab]e in accordance
with Figures 3 and 4 or 6 and 7. B

2. ‘Select Power Mode. With the Power: Se]ector Switch select o
one of 3 modesiof power to operate the readout. (1).Interna1»Bettery, :

(2) AC, or (3) Ext. 12 VDC.' If external AC or 12 VDC i"’s‘to be used the:

,appropr1ate connections must be made to the source of power Return '

the se]ector sw1tch to the of f po1stion when not in use.
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3. Check’Battery. Depress the battery check push button and
insure a reading of 45 er greater on the edgewise_panel meter. A per1-fh
odic check can be made at any time during bperatien. o

4, Ba]ahce the Bridge. By turn1ng the R Balance Knob seek a nul]
(minimum readlng) on the edgewise pane1 meter. W1th the € Balance-Knob'
again seek a null on the meter. Go back to the R BaIance' seek a nu11
and again go to the C Ba]ance‘ aga1n seek a nu]] ,Repeat th1s,procedure |
until turning of the knobs does not resu1t in a smaT]er:headihg. Usually
a minimum reading of 4 or 5 indicates a'good ba1ance, The bridgermay
be reba1ancedrat any time during Operation;‘h0wever; as:]ohg'aS'the _
edgewise panel meter_indtcates twenty or less, hehalahcingvneed.not be
accomp1ished;t

o, Connect»ExternaTIInstruments. Connect,any externa1.instruments,
if they are to be used,to the appropriate ga1yenemeter or:asei11oscope
A°“tputs. | ”..t- ”' .

,6. Ca11brate the Readout. Th1s 1is the most 1mportant step 1n -
,operat1ng the readout to insure that accurate read1ngs are obta1ned
If a standard load cell were available, this procedure wou]d be
re]atively simple and could be quickly accompiished; Until that time
certain ca]cu]ations and engineering judgements,mustkbe.made ih order
to decide (A) which calibration resistor to se]eet, and (B) what. the
value of force in Kips that that resistor represents so that the readout
gain can be adjusted. These two numbers can be found by following the
procedure outlined in Appendix A. The speeific calibrate procedure is
as follows: | |

A. Set the Thumb Wheel Switches to read zero.
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B. Momentarily depress the reset button. _ | |
'"C. Set the Cal Res1stors Switch to the des1red pos1t1on (as |
determ1ned from the procedure in Append1x A)
D. Depress the cal push ~button. Note that the Ind Tight shou]d
be flashing at a rate of approx1mate1y once per second.
E;‘ While_ho1d1ng the cal button depressed,radaust_f1rstrthe‘coérse
| ahd theh the fine gain until thevvaiue of the’ca1 resfstor in
Kips (determined from Appendix A) appears on the digital panel
meter within 21 digit. Note that there will be approximately .
a two second delay between gain adjustments-and.e-resuiteht» |
increase or decrease on the digitel_paneT?meter. AAA
F. Release the cal push-button. The ‘readout is now calibrated.
Note that calibration canvggt'bevaccpmpiiShed while ‘the
hammer is hitting the pile. o L
7. Set Thumb Whee1 Switch. Set the sw1tch to the number of
hammer blows that are des1red between samp]ed b]ows. Th1s sett1ng may -
be changed during operation, but,the reset button_shou]d_then'be -
momentari1y depressed to insure an accurate initiel count} L
8. Momentari]y depress reset button,
19. ‘Collect Data. The readout is now ca11brated and ready for

operation.
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II.

ITI.

Section 4

'~ THEORY OF OPERATION

General o |
The major components for the Modgl 2174 Réadout,are shown 1hxFTQUre*
9, a simpTifiéd block diagram. The;foliowinQ d1§¢yssion'§hou1d bérﬁsed_r.b

in conjunction with that diagram.

| PoWeE for operating the device is obtained_froh an internal sealed
12 VDC 1ead-acid storage baﬁtery having a,capacity_of’5 ambere hours. A
front‘panel,SWthh is prbvidéd for se]ectihg either an external 12 VDC 
battery or conventional 117 VAC, 60 Ha power. Twelve volt power is then
converted to 15 VDC for operating all the signaT,conditioning and éhaiog
circuitry and to +5 VDC fdr‘operatihg the digité1{1ogiC'¢iréuitfy;and B}
‘thé;digital‘panél meter. Bdfh'these’powér:conQerters:aré of the high>;
'frequency,'high’efficiency type. The internawaattery charger ahdAp§wef
supply automatically starts the battery to chérging when the unit is
plugged into a source of AC power, Thé battery is chérged at apprdki— '
mately 1% amperes initially and tapers down'to approximate]y 3/4 ampere

near full charge. As the battery voltage reaches 14.6 voTts, the

charger automatically switches to the trickle charge mode and maintains

the battery at 13.8 volts.

b

Signal Conditioning

The unit is designed for bperation with full bridge resistive -

strain gage type transducers. The signal conditioning is of the carrier
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11

13

12

Strain Gage Bridge (modulator)
Stable Amplitude Oscillator
Balancing Circuitry

High Gain Preamp '
Battery Check and Balance Meter
Balance Meter Amplifier
Demodulator

Low Pass Filter

:Balance Error Correction Amplifier
Schmidt Trigger

11. Peak Detect and Hold

12. Digital Logic

13. Digital Panel Readout

14, Calibration Resistors

CORNNAUIPDWN
* * L]

. Figure 9. Simplified Block Diagram
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type having AC voltage for bridge;excitation opekdting at approxima£e1y
TO»KH;, which inherently rejects or greatly suppheSSes the.selfAQener- ~
éting-résponSe signals of the strain gage bridgé and makesvthe‘outbgt ;;
éignaI proportional only to resistive changes 6f.€he'indivfdual gages. ;
Amp]ifiers_haVing‘conventibnéT Dc:bridge excitation:do not make these'
rejections. For examp1e F1gure 10 shows a s1mp11f1ed electrical
chemat1c of a strain gage bridge connected to a h1gh ga1n préamp11f1er
which has the bridge excitation disconnected. It is apparent that this
amplifier can haVe}no oﬁtput due to stretching the,1ndividha1’gages
'since they,are'a near Short ﬁirchit across the amplifier inputs. If
the. bridge (B), however, is.moved very rapidly through a magnetic field, - .
a current (I) will flow in the input}cfrcuitry and develop a voltage (V)
across the amplifier input terminals which will be greatly amplified
and appear as_anloutput vo}tagé. This se]f-ggnerating response will
be added to any voltage which’is present due tb the gages being sfretchedr
whenvthe excitation is reconnected. Such a se]f—generat1ng response
is be11eved to be a major source of error in dynam1c stra1n gage data
obtaTned on piles using DC bridge excitation amplifiers. - Certainly
there is an area enclosed by the wiresbéonnecting the‘gages, rapid motion -
is present during driving and mdgnetic fields are present. Thus the

reason for a carrier type amplifier in the Modé] 2174.

IV. Oscillator 7
Bridge excitation voltage is generated by the constant amp11tdde
oscillator which consists of an overdamped oscillator stage which is
"kicked" at the zero crossing point by an amplifier which has a pair

of back to back temperature compensated zeners as a feedback loop, thus,
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Gage |

3

=< —>

Bridge

Figure 10. Simplified electrical schematic of a strain gage
bridge and high gain amplifier.

28



VI.

matntaining a'constant-amp1ttUde osciTletion At this point the wave
is a sTight]y-diStorted sine wave. An’ output power booster stage along
W1th filtering produces a near1y pure s1ne wave of suff101ent current
to drive the br1dge, 0n1y amp11tude of the exc1tat1on,voltage 1s,
imoortant in maintaining calibration. Small changes in frequency of
oscillation and d1stort1ons in the wave have no effect on ca11brat1on
The 100 ohm res1stor in series w1th the bridge prov1des short circuit

protection for the booster stage.,

Preamplifier

In operation, the bridge circuit modulates the 10 KHz carrier in

'accordance w1th the bridge unba]ance produced by the br1dge. Undar

no-s1gna1 cond1t1ons the br1dge is ba1anced and the carrier is. suppressed;'
The amplitude of the output signal from the br1dge is determ1nedvby the
amount of unbalance. The bridge thus,producesvsuppréssed‘carrier B

amp1itude modu1ation.§ The bridge output then containsvthermodulation

sidebands along with any self-generated responses.  This signal is AC-

coupled via an input trensformer in the High Gain Preamp which amplifies
on1& the AC portion of the signal around 10 KHz and greatly suppresses
the unwanted signals which are substantially lower in frequency than

10 KHz. Its gain is fixed at about 600,

Demodulator

The amplified signal then feeds a potentiometer and a variable
resistor which serve as a coarse and fine gain adjust to set the over-
all signal conditioner gain. The output of this divider network'aTong

with the 'voltage from the oscillator now feeds inputs of the phase
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VII.

VIII,

sensitive deh@du]ator'Which,_When properly mixed,vproduges_a_fTthuatihg

AC output, either plus or minus, Which is propoktioha]_to thé'magnitude

of the bridge unbalance and whose p61arity is indicative of the direction
of the bridge unbalance. The demodulator discriminates betweenffhé
signals that have modulated the carrier and all other signajs;tﬁatjhave
been added to the carrier. }Thg latter ié;aimdst ﬁoially bejected.f The
MA796 demodulator integrated circuit used in the readout has excellent

carrier suppression qualities along with excellent stability vs temper-

ature,.

FiTterA

The 6utpdt'of the demodulator is fed to a high quality slightly

underdamped multi-pole passive filter which has a response approximately.

Tike that shown in Figure 11. The response is extremely smooth ih:the.

range of DC to 1 KHa, the data pass band of greatest interest. Phase
shifts are also small in this band. An additional .05 mfd. capacitor

is inserted across the filter{output when the ca]ibrate‘résistor*shdnts
the bridge fb prevent any~overshoof which would induge errors that.w6u1d."
be detected by the peak detector further in the circuﬁtry; This capac~

itor is automatically disconnected during operation.

Balance Error Correction Amplifier (BECA)

This amplifier is unique in that it accepts the filtered analog
signal and references it to ground (0 volts). It ignores those slowly
occurring offset errors due to bridge unbalance, and faithfully}passes
the dynamic positive going force induced signals in the following
manner: Amplifier one is a negative peak detéctor~biased to have a

range of approximately +5 V to -10 volts. The 330 K ohm resistor in

30
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— Nominal output
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Amp1itude

-50 db

2550 10 KHz -
He ..«

- Freduency

Figure 11. Filter output characteristics.
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IX.

XI.

series with its output prevents the peak detector from following rapidly
occurring negative voltages. AThe7negative peak va1oe is. stored on the

0.25 mfd; mylar capacitor. Amplifier two is a follower'whose input is

coupled to the capacitor through a FET switch which is toggTéd'open.by ‘

the digital logic to further prevent the negative peak detector from
erroneous]y fo110w1ng rapidly occurr1ng negative peaks Amp11fier three
subtracts the smoothed most negative going value" from the tota1 Anput

signal, thus producing a signal identical to the inputﬂs1gna1 except

that its value when no blow is occurring is biased precisely to ground.

Since this is the case, very precise positive going dynamic peak values

can be measured from ground potential even in thevpfesenoe,of rather

large offset errors due to bridge unbalance.

Schm1dt Tr1gger

Qutput of the BECA is fed to the Schm1dt Tr1gger whose output '

'toggles pos1tive1y and tells the d1glta1 1og1c c1rcu1try.whenever.the

input signal reaches a preset positive Tevel, thUS identifying the

beginhingvof-d'bTQW.

Peak Detect and Hold

Thio circuit detects, upon~cohmand from the digital Togic,fthé
positive going value of an input signal from the BECA. Two gates are
present: the read gate opens the input when high; the reset gate,‘whéo
high, resets ‘the previously stored peak value. Output of this circuit

drives the digital panel meter via an appropriate resistor divider,

Digital Logic Circuitry

The digital logic circuitry serves the function of controlling the
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timiné,andcsequence of operation of the digital panel meten.and*certain |
~analog circujts. vThis is done by sensing therleading;edge of a hammer
blow from the Scnmidt‘Triggen:and aCtiveting tne'analeg'peak'detect and
hold modu1e for 0.1 seconds. At the end‘bf‘thfs tine interVal the peak'
value acquired by the peak detect and hold modu]e dur1ng the 0.1 secondi'
vper1od beg1ns to be d1g1t1zed by the pane] meter._ See Figure 12 At~ <
the end of d1g1t1zat1on.a signal frpm the'D1g1ta1 PaneT‘Meter commandsl
the peaklreaderrto reset to zero for the next measurement. Also at‘vd
‘th1s t1me the Digital Panel Meter is sw1tched to a ho]d cond1t1on S0 |
that the 1nd1cated value will not change unt11 the next: cycle is. 1n1t1ated
thus giving the operator maximim time to observe and:record the -reading.
The digital circuitry also incorpOratesda;twozdecade,cbunter that
will increment~onescount for every hammer b]ow. B&iusingvthe:binany
output of these counters and the binary output of the two decade panel
switches a compar1son can be made. This compar1son is used to actlvate
the samp11ng c1rcu1try each time these binary numbers are equal ‘Upon
:detect1on of equa11ty, the decade counters are reset to zero automat1-

- cally or they can be reset by the reset push-button on the front panel.

XII. Calibration _

Calibration is accomplished by shunting one of the—stnainvgege"
arms with a precisicn resistor of known value, thus inducing a bridge
unbalance of known magnitude, Appendices A&B detai1dthedtheory of
this technique. When the calibrate button is depressed, a free-running
multi-vibrator timer 1s'energtzed that switches in the calibration
resistor approximately once each second for a time of 30 milli-seconds.

The resulting bridge unbalance is a pulse input to all circuitry thus
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Figure 12.

VSequencezdfhgignals generated within the readout.
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read1ng here
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simu]atiﬁg é hammer blow. The system gain is then adjdstedutoAmake:the
digital panel meterACereqund‘to the magnitude'of the simuTatéd fpnce. E
Depressing;thé‘caTibraﬁebbuﬁtbn‘a]so'ihserts a'.psvﬁfd. cabacftbr across
‘the output_of‘theAfilter which preVehts any pversﬁoot during calibration.

The peak detect and hold module thus readSlthé'torréct magnitude.

=~
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Section 5

BATTERY CHARGING AND MAINTENANCE =~

I. Battery Charging

The 1nterna1 battery is charged by a se]f-contalned battery charger
housed 1n ‘the. readout The battery 1s complete1y sea1ed requ1r1ng no: .
'addit1ona1 water or ma1ntenance. Charg1ng t1me for the comp]ete]y '
'd1scharged battery is 16 hours. To charge the battery connectvthe;,x.d
readout to a source of 117 VAC power. The charger goes into a trickle
charge mode near'compIetion of:the'charge cycle and,the battery=canfbe :
left on charge for'1ong'peri0dsrof-time withont;damage; however, it is .

~good practice;to disconnect the 117 VAC power after 1 or 2 days maximum,

II. Routine Ma1ntenance

Rout1ne ma1ntenance of the readout 1nc1udes those norma] steps
wh1ch are taken to care for any p1ece of electronic test equ1pment
| No internal adJustments need be made as rout1ne care and the deta1lsA
for making these adjustments are-covered in Sect1on 6. The operatqr
need'concern himse1f only'with the'adjustment of front banel switéhes
and contro1s} A1l the critical circuits wh1ch wou1d be’ affected by

dust and mo1sture have been encapsu]ated with a pott1ng compound

III. Details for Operator Maintenance

A. -Prevent crimping, sharp bending and stretching of the inter-
| connect cable. | | | |
B. Disconnect the readout from 117 VAC power when battery has.

been charged. Make sure power selector switch is in the off
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~ position when the readout is not'in~usefi'

Store ‘the readout 1n a dry room at normal room temperature

for extended per1ods of storage.

Close the 1id and 1atches when not in use., -

_ When stor1ng manua]s and cab]es in the 11d take care not to
1crush the face of the d1g1ta1 pane] meter.

 Should the readout become extreme]y ‘wet during use, remove the“ft
'front panel from the case and allow the inside to dry pr1or

to. reassembly and storage.
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_ Section-G
INTERNAL ADJUSTMENTS AND TROUBLESHOOTING:
, Co T .

There are only 7 internal édjdstmenis aVai]able:tO'be made, 4 ére
on the battery ¢harger,-1 on the Schmfdt Trigger-and 2 are'ldéated”oﬁf‘
the peak de‘t§¢t}an_ajho1d module. A1l these ,é‘cl_ju‘stmér.ifs-_',fare' to bé_jg;c,'mg o
sidered one time adjustments and should be adjusted only in the rarest

of circumstances, i.e., when defective components are replaced.

Adjusting Baﬁﬁéry~Charger .

A H1gh Charge VoItage Adjust
For these adJustments, refer to Figure 13 and the Power Supp1y~
and Batteny Charger electrical schematic. | o

| ]. Remove the front. pane] from the. case and d1sconnect the
- 12 vDC 1nterna1 battery from the barr1er strlp Tocated near
the battery in the bottom of the case. _' B
| 2. P1ug readout into 117 VAC power and. p]ace mode se]ector
(in the AC or interna1 battery position.
3. W1th a h1gh 1mpedence voltmeter connected to the barr1er
strip set adjustment 1 to read +14.8 VDC..

B. Trigger Level Adjustment | o
This adjustment sets the voltage level at wﬁich theﬂbattery
éharger switches from the high charge range to tﬁevtrjckle,
charge range. Make this adjustment after the abbvé-édjdét-

“ment is made. | _.v | _
1. Place a variable powér rheostat (25 to 0 ohms) on'the

K
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Figure 13, Layout of Power Supply.and;ﬁattery,Charger,Bbard,:showingfjnferhéT adjusfments;



battery Term1na1 Barr1er str1p a1ong thh a vo]tmeter to :

cmon1tor the vo]tage across the rheostat

2. Start1ng at about 25 ohms, adJust the rheostat to draw _
more and more current unt11 the vo1tage becomes +13.8: VDC |

3. P]ace another vo1tmeter to mon1tor p1n 6 of the MA741

Vamp11f1er., :

4, Set adJustment 3 S0 that the p1n 6 vo1tage sw1tches 1ow

(about +2 V) when the vo]tage across the rheostat is brought
down through +13.8 voc o o ‘

"Low Charge Voltage AdJUSt

This adJustment sets the voltage to be ma1nta1ned on the fu]ly
charged- battery (tr1ck1e charge mode)

1. Reconnect a fully. charged 1nterna1 battery to the barr1er

‘str1p

2. Connect the readout to a source of ]17 VAC power and

set the power selector to AC or Interna1 Battery

3. Mon1tor pin 6 of the MA741 amp]1f1er and 1nsure that

1t is SW1tched to the low mode (approx1mate]y +2 VDC) indicating

‘that the battery is near full-charge and that the charger is }r

in the tr1ck1e charge mode.

4, Place a voltmeter across the 1nterna1 battery at the
barr1er strip.

5. Set adjustment 2 so that the battery voltage reads
+13.8 VDC. | -
Hysteresis Adjust

lAdjustment 4 should always remain maximum at 10 K ohms.
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11, AdJust1ng_Schm1dt Tr1gger

The one adJustment on the Schm1dt Trlgger sets the 1eve] of the
1nput s1gna1 which causes: the trigger to togg1e thus 1nd1cat1ng a b]ow.
Figure 14 shows the front pane]_removed and ready for making~1nterna1 :
adjustments. Figune 15 Showsvaetayiout of the/components on thehana1pg,
heard. :, | R | 'A | |

1. Connect a "dummy" full bridge gage to the input of the readout
and set up the readout as outlined in Section;Z down to the step of
ca1ibration.‘ v p R 1

2. SwitchitheACa],AResistors switeh to»POSftion18.

3. Connect a dual beam osci]]oscopefto_test points 8 and,gu

4, Hold the calibrate push-button depressed.

5. Adjust the coarse gain on the readout until,thevsquare;weVe_
at test point 8‘gees positive by 0.05 .volts. -

6. Adjust-the_screwdriver adjustment on the_Schmidt Trigger sp _
that it just begins tp't0991e_through zero:fnom abproximate]y;inVDC
“to +10 VDC as the input Signa1,reaches:+0.05 volts. S

I11. Adjusting Peak: Detect and:Hold'Modu1e

There is a provision for two adjustments on this ‘module. Do not
adjust the screwdriver adjustment furtherest from the output of the
‘module. To adjust the screwdriver adJustment nearest the module output
first complete steps 1 through 5 under Adjusting Schm1dt above, then.

1. Increase the coarse gain by approximately lrtunn cfockwise.

2. Connect an ogcilloscope‘ito the output of the peak detect and
hold module. u |

3. AdjuSt the screwdriver adjustment nearest the module .output
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Test Points -

Figure 14.. Photo showing the front panel. of the readout removed
--and.ready for making-internal adjustments.
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Ba],;Metek;f_'
'Demodu1§tor;-]ﬁ - ~:-<ql'.$chmidt Trigger

_ Figure 15.° Layout of components on the analog board.
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1V,

so that the 1ower part of the square wave 1s set prec1se1y to. ground

(0 volts) +2 m1111—vo]ts.-

-Troubleshooting'

‘There is a row of test points located a]ong one end of the ana]og
board. Test po1nt 1 s nearest the pane] 2 next 3 next etc. Set
up the readout as - fo110ws for mon1tor1ng the test po1nts.

| »1;teConnect a 350 ohm fu11 br1dge to the 1nput |

2. Follow 1nstruct1ons of Section 3 v, down to ca11brat1on

3. Set Cal Res1stors sw1tch to pos1t10n 8

-4.:iAd3ust coarse ga1n to approx1mate1y % of the range (5 turns
from e1ther end) | | |

5.  Hold ca11brate button depressed wh11e mon1tor1ng the test .
po1nts with respect to analog .ground which 1s.test;po1nt 2.

Test point 1 --- should read =15 VDC _,;05 v

T

4

| Test point 3 ',;- shou1d read +15 VDC + ,05 Ve ,

6. The foi16wing photographs 1nd1cate the proper. signal that
should be observed on test points 4 through 9 L s

7. F1gure 16 can be used along with the schemat1c for the d1g1ta1

logic to troub1eshoot any prob1em with the 1og1c c1rcu1try

44



Figure 16. .‘;'_lf.;arypu‘tf_iof 't‘hé; D1g1ta1C1rcu1tBoard
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Test Point 4, Oscillator Output

Vertical = 2V/Div. o
Hor1zonta] 50 micro-sec. /D1v.

.-........ |
Test Point 5, Preamp]ifier'iv-fx

Vertical =_O.2V/Div.
Horizontal = bms/Div.
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Test Point 6, Demodu]atok:;::w!
Vertical = 2V/Div.
Horizontal = 5ms/D1v.

" Test Point 7, Filter output (During Ca11b)
Vertical = 1V/Div. : -
Horizontal = 5mQ/va.
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Test Point 8, BECA output -~
Vertical = 1V/Div. - '
Horizontal = 5 ms/Div.

Test Point 9, Schmidt Trigger -
Vertical = 10V/Div. ‘
Horizontal = 200ms/Div.
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‘Section 7

ELECTRICAL SCHEMATICS
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APPENDIX A
_Determining Cal. Resistor Switch Position
and Value in Kips Force of the Cal. Resistor Wheh§ -
Using Readout With Instrumented Piles

The first step is to estimate the peak 1ongitudina1:pr axial pile
strain which is expected during the test as follows: V

From the equation:

A © Equation ]
where;
é = axial strain in in,/in,
~ P = Force in 1bs.
A = Cross-sectional area of the pile in inches square.
E = Elastic modulus of the p11e.ma£érié1 in-ﬁsi,, -

Make é judgement for the value of P. The accuracy of this judgement
is not important exCept that it should be an upper valUé, o

Next make an accurate estimate of the value of E and measure A
for the pﬁrticular pile being used. These values will also be uéed
later. AIternatiVely; estimate P/Avih psi. The accuracy of the readout
determination is ultimately directly propbrfiona] to the accﬁracy of
E and A values estimated and measured. The following values are given
and may be used in the absence of moré acéurate values for a particuiar

pile.
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| TABLE 1

Concrete Pile . steel Pile
Bl 2s00psi 30,000 psi
A | 256.in.sq. for 16"x16" pile | 12.370 in. 2 for 16" 0 X a" wall pile
E | 5x ]06 psi o ] 30 x ]0 psi -
e | 0.0005 inch/inch | 0.001 inch/inch

. Determine the effective number of active longitudinal gages which

‘are being used on the instrgmented:pi1e by the fcllowing formula: .
Nepp = N+ MV - 'equatioh 2

where: A
'Neff = the number of effective 1ong1tud1na1 gages

NL' = the number of active long1tud1na1 gages in the
‘wheatstone br1dge ' '

' NH = the number of act1ve horlzontal gaqes 1n the
wheatstone bridge. ‘

M. = Po1sson s ratio for the . p11e mater1a1s i. e.,
concrete or stee]

In the absence of more accurate data on the.particular pile material
being used a M of 0.303 for steel and a M of 0.25 for concrete may be |
used. If the recommended'pr0cedure for instrumenting’the piles 1s
followed ‘as out11ned in paragraph II of Section 3, N eff w111 be 2.606
for steel, 2.50 for concrete using 4 active gages and 2.0 for concrete
using 2 active and 2 "dummy" gages. HNote that it is difficu1t,;if not

impossible, to know M for concrete; thus, as mentioned earlier, the
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reason for recommend1ng "dummy" hor1zonta1 gages in concrete p11es., =
' When the br1dges are w1red in e1ther of the recommended manners,

étrains due tO»bend1ngrstress are cancelled andrthevstrains due to
axial stress-seen by each df'thejgggigg_gagesvare added within the = =

bridge. .Therefore, thegequivalentzstrain:outputKOfvthe bridge,is given

by: A
‘SO"=',eXNeff A IR Equation 3
where _ .
S :~equiva]ent strain gage-bridge output in inches/inches.A

New;ISeTeet‘e shunt ea]ibrationvresistor;(}oarenrovidéd ﬁn the
irea&nnt‘and Seiectable by the Cal. Resisiors‘snifth) which W111 when-
shunted across one of the arms of the wheatstone br1dge close]y s1mu1ate
:the value of S found above See Figure A-1,

- The well known equation whose derivation is detailed invAppendix

B is: , :
[ R - | Equation 4
PR~ GF (cal R} L -quat’
where | h
‘SR = represented strain in 1nches/1nches.
GR = Gage res1stance in ohms of the gage wh1ch s shuntedf
GF = Gage Factor (sensitivity factor) of the ‘strain gages

(unit less)

. cal R = Value of the cal resistor in ohms.
When solved for cal R, becomes:

cal R = -S‘R—@%-G—FT L Equation 5
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=)
H

Gage Resistance = ,

= Resistance of a single conductor -
of the interconnect table = 1.5 ohms
for the cable provided

=
—
1)

Figure A-1.Simplified schematic diagram showing a cal. resistor
: ‘shunting a balanced wheatstone bridge to simulate a
strain. '
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Since the value of Sy (equation 3 above) is the strain that is to be

51mu1ated S can be substituted for SR as foliows

G | | SRS
.cai‘R = 'S‘o—-@-FT o - Equatio,n 6

Now, substituting forrsé trdm'equationVS, equation 61becomes:

: GR : e e o
: : - Equation 7
Tolere T OF oo

cal R'~%v

Further substituting for e from equatioh 1,
. @ ) .
[\KE'] Neff‘(GF)

T cal R =

Simp]ifying, equation 7 becomes:
| GR) E_ '
cal R = - , - Equation 8
- P/R) Nopp 16GF) e
Substitute'the appropriate values estimated eariier:andsso]ve
equation 8 for cal R.  The result is in ohms. Now find the position-

:corresponding to the next higher vaiue of re31stance found in the tabie

in paragraph Iv, G, of Section 3, and report this as the Cal. Resistor

position that the technic1an operating the readout 1s to use for cali-
brating the readout 7

The next step is to calculate the force on the.head of the partic~ -
ular instrumented pile which is represented by the caT—resistor selected
above. This calculation is made be re-arranging'equation 8 and solving
it for P in pounds.

(GR) EA

P = S ‘ Equation 9
cal R (Neftj GF | | |
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Since .the reéu]tsrmust be 1n-Kips equation 9 becomes -

(GR) EA x 1073

cal R (Neff) GF

P AEquation:10 ‘

When tong tead wires ‘connect the br1dge to the readout the effects
of th1s ‘resistance must be taken into account From Figure A 1 it is
}apparént:that,thecal resistor is shunting the gage,res1s$ance p]us 2
Tengths,ofVTeadﬁwire-condUCtors so that the effective gégé_resistance
to be used in equation 10 now becomes:

GR.= R + 2R, , o . Equation 11

where:
R = gage resistance in ohms.

Ry ,reSTStance of a single conductor of intercohnect
~cable in ohms. ' |

Note: -R] fok-Be1den 8723 cable is 1.5 ohms/100. ft.

iSubst1tut1ng for GR equat1on 10 becomes:

[R + ZR]] EA x 1073
cal R (Ne ) GF

The results is in Kips and this number should be reported (a1ong with
Cal. Resistors position) to the technician operatihgvthe'réadout 50

that he can properly adjust the gain of the readout.
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APPENDIX B
: ':DeriVatibh of the Common Equation Used to
~ Compute the Strain Represented by the Shunt
,Calibratfon Technique in Strain Gage Circuits -

The common equation is:

| SR A AR | S .quatlon 1
where: 7
Sp = Represented strain in inches/inch.
R = Gagevresfstancevin ohms.

GF = VGAge factor (sensitivity factor) fof*the strain gage
(unit-less). ' '

cal R = Value of the shunt calibration resistok;in ohms,

Gage factor or the sénsitivity of strain gages is defined as:

AR
GF = AE. Equation 2
: 2 . _
where: |
AR = Change in'gage resistance in ohms.
R = Resistance of the gage in ohms.
AL = Change in length due to strain in inches.

L o= 0rigina1v1éngth in inches.

Solving for AR we get:
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ERIE:

G’FA(%") R =V‘AR’
By 1etting’é%vequala>sfrain called SR we haVe:
| GF (Sp) R = AR - :  ' ‘Equatfdn‘3?‘;
Now by inserting a shunt calibration resistof 1n.thé circuft bf-Figure
B-1 we can ;ompute:the total resistance (R,) of ﬁhe circuit with‘thé

switch ciosed-as follows:

1 . 1

. Rt" = = +» TR Equation 4'

Solving for Ry

1 cal R+R
'Rt " R{cal R)
“R(cal R) = Ry(cal R+ R)

_R{cal R)

<l RFR - R

& | | . .' Aﬁquaifohshw |
Now we éanrsolve for. the change in resistance (AR) due to é]osing ﬁhe
switch by:
, AR = R - Ry ., Equation 6.vv.
substituting-fé‘rRt the value of R, in equation 5 we get:

R(Ca] Rz ]

AR = R- [ cal R+ R
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 _ca1 R Aj

"Figure B-1. Cal. Resistor shunting a strain gage.
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Simp1ifying:

;p = -Rlcal R+ R) - R(cal R)
S ~cal R+ R
AR 7= (R x cal R) + G - (R x cal R)
. - cal R+ R
fR2 : S e
BR= —GTRT - Equation 7

Now, setting appropriate portions of equations 3 and 7 equal to each
other'we get: ’ |
| 2

R

G SRR = R

R)

“solving forisR we get:

6F (Sp) R [cal R+R] = RZ
. 2
S, =- » ,
R GF Ry [cal R ¥ RT
5.‘?.:..-... R
R T TGTRTR]

In practical strain gage circuits, using the shunt calibration
technique, the value of cal R will be very large compared5to the value
of R. Since this is the case, we can simplify this equation_as follows

at the expense of only very small errors.

B R
SR % TEFTGT R

A
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