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ABSTRACT

In structural engineering and foundation work, it is necessary to measure important
parameters such as weight, compressive strength, density, moisture content, and shear
strength to ensure safe, cost-effective, and efficient design. The measurements
obtained from tools must be accurate. Therefore, it is crucial that measuring
instruments undergo calibration before being used to prevent negative consequences
that may arise later due to inaccuracies, such as non-standard constructions, resource
waste, budget overruns, and time delays. Since measuring the shear strength of soil
obtained from the drilling and exploration process is one of the key variables for
structural design, whether it's for foundation work, retaining walls, side slope stability,
or road construction, the Pocket Vane Shear Test Kit or Torvane is a commonly used
portable device for measuring soil shear strength due to its ease of use and portability.
It is necessary to calibrate this portable shear strength measuring device against a
calibration instrument to ensure accurate and precise measurement of shear strength.
Therefore, the researchers have recognized the importance of calibrating the portable
shear strength measuring device, and thus conducted a study to design and create a
calibration instrument for the portable shear strength measuring device that is accurate
and efficient for practical use. Based on the experimental results of the calibration tool
used to calibrate the portable vane shear test kit, it was found that the deviation of
the readings from the instrument during calibration at each point falls within the range
of -15% to +15%. The average deviation of the calibration tool falls within the range
of -5% to +5% compared to the theoretical calculations. The study of the calibration

tool for the Pocket Vane Shear test kit concluded that the tool is within an acceptable

II



range of accuracy. However, there are some limitations that prevent precise
adjustment of the readings to match the values obtained from the theoretical
calculations according to the standard. This indicates that the calibration tool for the
portable vane shear test kit still has some drawbacks. Therefore, users should exercise
caution, conduct inspections, and make necessary adjustments before applying it in

practice.
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YM =0 (2.2)
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T Ao useln
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Polar moment of inertia YDUWANNUNNTIFANANAY F1U150LANNAUNISN 2.5 [8]

J=Zc* (2.5)

c A9 SYerSAlvaIntNfnLsIRauUNaUle
J @9 polar moment of inertia YasNuUNRENFANAULD

Polar moment of inertia YBUNAIANUNNTAANA @IUIS0ULANNANNST 2.6 [8]

] = %(%4 —cH (2.6)

A v a
C, PR SANvRIIUEN
C; fo falvaaly

J  @® polar moment of inertia vasNuNUtAnTIaUla
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RTUNNEUNTR 2.7 [12]
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Mmaxc
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M
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2.3 Wsunsuiigadas

2.3.1 Tulasgonl dndiwa (Microsoft Excel) tUulUsunsuusetanansnanis
A Kaulasusdnlilassensi uazdulusunsumilsluyalilassensi senila dmiy
famsuazdundoyaluzuuuuns Snfsanansadaviins unugiiiienanwmateyald
fealugunisnsiunumsadamanslasldilerduiiugiu van au ga ms onfids s
flafFunsndinmansszauge 19U Modulo a3lnaudd HeAtunieadd 1wy Andeauy

WINIFIY

Microsoft
Excel

g‘lJ‘ﬁ 2.6 1Uswnsu Microsoft Excel

2.3.2 AutoCAD LT usand kIS a1 s ULl guLUy 99NLUU 2 A way 3 04
anu1sadnluldusenwuun1saaItdnenssy AAINTIY 9IUA129 ANWAIATETY WEUN

ARDAIUINUBBNLUUNARN UTLALLASBINA

n AutoCAD

sUfl 2.7 TUsunsa AutoCAD



uni 3

YUADUNITANRUIUY

3.1 MUUAFULUULAZNFTINUYRUATENRHBULTIBULATIND TAL TIRDUIUUNANA
3.3.1 MANAISVNIUYD9LAS BIL AR UL ULAT 9L TALSHRDURUUNANT Tu

NFDONLUULATINDABULTIBULAT DN TALTURDULUUNANT UTZNDUMBAIUAN 9] AD AU

1 <@

RO LEULDUNTULIIAG WALUSUANNSURARALATDILBLNDYINN1SUA NBUILYINNISNAZDU

(% '
(Y

AesfaRsualnieviliauegluaniizaunaney innsinuasldnsasusdasusdn
wagluudvauselugismuiuuse lngdorinisineiasdloTausadouwuunnmnangs
wWhiudfuagiviinuseda FvihlinsiurnnavesusaiadeniiweuseiuiinSukazfiiniu
A o g v a I3 o~ y Y o oA = a
wsadeeniviliiAnlauudveussiivaneaui winsunegluanivaunaiiiosniniin
Luudvesnsanvatgaul 4disu 9naunavasliuudinlianinsansuruInve s
= A

Uaneauilanawnusuwsieuls astuazlaainaiaadlaaulaasaussuiisuiuanlaain

NNSANUINLNDNIAILABIALAADUVD AT DILD TALTIADULUUNNN

AUMIUTULTS

= oae =
ussanduduiuusamy

usafitinann Tuwe F1

F2

©

SUM 3.1 ANNNSYNIUYDLAIBILREBULTIEU

U
3.2 2ANLUULASDINDEULIBULASDINDIALSIRDULUUNANI
3.2.1 WNSUAUSURAAILAT 99 LS URDU
1) MAUAYUINLALTEEE YINNTIAVUIAVBULULALUTDILAT DT DAL

WaukuunnmlavuIanindndwmasudna 12.76 Tadwns x 12.76 fadiuns nun 9.50

L GIRIR]
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sUN 3.2 myiavunaveaddeuiasosile

satiulesudmsuinduasoslatansudouiiavinnistaduinainausiuyin

AN vueLduRAUENans 25.4 faduns vl 200.00 Jadiwnes WwiggiieAnadgunsal

yefenans vnenthdndmasudnsa 12.76 Tadwuns x 12.76 Tadwns vun 9.50 dadiuns

LAYANAINSVDLINDAD A ULEULD USULIIA

9.50 mm
D

¢25.40 mm

A
v

200.00 mm

12.76 mm

5UN 3.3 uuudnassindmsuinaunsedloTausuleunuunnm

2) gunsaldmsudasadnsudmsuianuasoslioinnsedou 1edan
Y o o v a o 5 A W A o & t3 =] ¢ o v a o o t% 1%
UnsudwiuindunsestioiausudoudnludetligUnsaldmsuinaaieliauisanyuls

aatiusldndugniusaiiaciu 25.40 Sadwns Salaswen 50.00 Tadiuns WiaRadautniu

—

©50.00 mm

5U% 3.4 uuudaesndugnludmivanduniesdlodausuleunuunnm
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3.2.3 AUAUTULIIRa

lF

—

R3=0.127m

JUN 3.5 LUUTIAIAULTE AL ITINTZYIAUEOUS UL IR

~ v Y v & o 9 = 1 A4 oA A v & o= v

\eanndesnisldidudunaunsaiuusedsldlagliinisndvsednvindaiuiwas
wusInszygegaiiinsudmsuinsuasaliedausudousznseridoduidu deaunse
AwInlanadl

Y =
NFUNITHINUA ANAUNITN 2.4

T=— (2.4)

N5
T = MIIUIUADUGIER
v = Y o o
c = SAdlvamtndniiaula
J = polar moment of inertia vosNUTMUFnaUla

Polar moment of inertia YBUNANUANTIAANANAY F1UTOMNLANNAUNISA 2.5

] = %c“ (2.5)

o a Y o a
3?134%@\'17/‘14']@@1/]314!1%

0
1

polar moment of inertia
\eaInAuTLRaugIgavetATeslodalstdsuLuunnmeuladan 10

—
1l

Alandu/ns2
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WALINFUNITN 2.3

T=Fx d (2.3)

T=9UAUBINDS5N
F=159n52911

d=388ENNARINIINIANYUDILUINTY

a

i c=rflvoamthdausudouiiaulafoduunssyuvesdnaeuindudniu
o v oa o A aw = a W a o Y
dMTUAAALAT I TALTURBULUUNNNLANIINAY 0.90 WUFAAT Uag d=r SAlveniidn

2zlen

(FXr)xc
R (3.1)
2
inNsangUannIsn 3.1 Wwenuss Fy, g, 9zldaunisn 3.2
Y
xc3
F, =—T 3.2
max 2r ( )
dlovinsunueaglanssgeanveadudu
Alansu
mx 0.93 x 9(—2)
s

Fmax

2 X 1.27 (Lsziuammz)

wiaun1sle Fpge = 10.30 Alansu
Faudeudonldiduduisuuseisldunnnii 10.30 Alany
3.2.4 AULAYINTBISY

1) MslUTouEana Lo In U UL IHDINISVUIATBIUSITILN
Tunnserudn 3eldanuldil3sudanaitolildusefitoundiuiu suusuitaeiesdlosos
finsuiuanuesuliennidufinawnu 6 widletasseranlaisauresnazsiu
5@?{@%7&&;@5@@% el v LS finasnuiuLss feudenaumaniiissey 0.49
WA YUIAUTIGR 1319 0.019 WS 817 0.038 was Ymin 2.8 Alandy Tnermunlisses

NUangauiawusuLssdananasgasessulien 0.07 wns wazszezainUateauiladn
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[%
LY v a a v o

Sudwisuingunsalinusedoudieninansgasessuilan 0.42 w5 J9ARAAIAINAIIAILT

S8 0.055 WATINNAUNITNNSIASEULDINa aunish 2.7

nslassudeng = % 2.7)
hi
W = L5961
E = U3anenenu
INANAAVBILLUUA naunsi 2.2
YM =0 (2.2)

azlen
WSINLEUBUSULTIRT (Alansu) x 0.42 (WAg) = sanasusunss  (Alansu) x 0.07

(ung)

WSINNTEYIAUIAIUT UL 0.42

WIINLAULDUTULTIA 0.055

o '
% d

U YUIAYRLIIinsEAUwIUTULsadan W 7.64 wihvesuiausannidu
Busunssagainnsiounss
2) aunavesanu 1ilosangasessuauiioenuuulaildegfigaianas
voadanu Lielfmueglunnzaunaissidudesdifudinhmdniivarenuilnaumuiuuss
Tnetmiinvesdudasanansasiunldsed

2.1) AunaluudNiinaniivtnaAu

W = 5.714 kg/m

»ld »l

“007Tm 049 m >

5UN 3.6 LuudassauliioruinlumuaiiinaInanininay
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ATUIAILYNT AU 0.49 LIRS
dhweinwesau Wiy 2.80 Alandy
Mndayadisutiminausomnsiien
2.80 Alansu
0.49 wns

WU 5.714 Alansu/uns

T UATLARTUNUAN 8 AU A US U IT AN AU

(5.714 Alansu X 0.07 wms) X (0.07 wes X 0.50) = 0.014 Alansu — was

TufmmuduuRn

TUUANNATUAYaNe AU @S URAG AT BIL D IR LSRR UL AN AU

(5.714 Alansu X 0.42 wns) X (0.42 wes X 0.50) = 0.504 Alandu — wns

TuiAn UDLLIRNN

2.2) AIINYDeRLA

W = 5.714 kg/m
| ¥ v Y Vv vy v Vv v VyyVvoyov

h
y
A

»
L | »

h 0.07 m 0.49 m

JUM 3.7 uuuiaesauLiioA U ninYerua e

INANAAVBILUUARIAUNITN 2.2

YM=0 (2.2)

' [ ]
& =< I

THLUATIAATUNUANYATURIITIIUS U9+ LU AATUNUa 8 AT UR 9N
duniuinnunisadofausudourluuudivarsauiiinanduarainindandugud ozl

N

0.504 Alan3y * 1wns+(-0.014 Alan3u * WAS)+ANNINANAN x 0.07 lAS) = 0
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st mdnguaediawvindu 7.00 Alansu
3) ¥529@UA1 Section modulus VBINTNANAIY

91N@UNTT Section Modulus AIaUNITA 2.9

(2.9)

O~

S = Section Modulus ¥83A1U
| = Moment of Inertia
C = 3 Centroid YaantidnA1

MNATBBALUUATIU AIIUNIIE b=1.90 AUNUT h=3.80 LGURLUAT AAUA

maximum stress allowable=1200 ﬁian%m/L%uaLum52

A1l moment of inertia l&a1NaLN1SA 3.3 [15]

h=0.038 m

b=0.019m

SUN 3.8 Luuinassminsnveny

By (3.3)
A .
1.9x3.83
12
et moment of inertia Ya3AUTiDaNLUUIIAWINTU 8.688 WwuRiuns Y

AU Section modulus UBIATUTNEBAKUUAS
I

s=1 2.9

- (2.9)
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8.688 wudiunst

3.8 wusiwns X 0.5
f9tU Section modulus V8IATUNBBNLUULAWNINY 4.573 WURLUAT

3

7171 Section Modulus TusNA@an15 (Sreq) 3NaUATT [15]

M Cc
Ogllow = mlax (2.10)

Oatlow = AIUATEAGEANERUTULA
s q' o
Mgy = Wudgagaiinseiin

| = Moment of Inertia

C = 90 centroid YBINTAAAIY
awlean
M
b S e hos (2.11)
Oallow

_10.30 flan3u X 42.00 wufiuns
S @ 1200 Alansu/iufians?

Fatiu Section modulus TuANTiFsnsTANIITY 0361 wuRLnsS
dlosan
S = 4.573 wufuns® = Sreq = 0.361 AR

é’qﬁ?u AumaNTioanwuUl Section Modulus (S) 1nnnin Section Modulus
Fushiidoenis (Sreq)

4) PFINFDUNITUDUAIVDIAY

esmnmsldauinismuduusddimuudannderarilfinnisueu
fvaseild FafesnsrnaoumislishiiAstulieuglunasiioonsuld
ML uiiveusuls

NFUNTNSHBUAINLBUSULARIENNTSN 3.4 [3]
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L
v o — (3.4)
allow 360
)
Vallow = AnNsusuimneausule
L = anugivesanu
NATULANYTY 49.00 LGURLUAT
ke
v _ 49.00 wufiung
allow — 360
FetUNITWaUANEaUSULATDIAUTIANYINAU 0.136 LwURUAS
ANUIUINITHOURIVDIATUTLNATUIZ
AT Slope nrinasn wulmanirlnesm
P
- A oA ML vo-33-BL-x)
- 1. 2ET e &
e e ?" "!1‘11.
R
=9 0<x<L
L — A
.
4 1.'=—P.'lr (3L/2-x)
g , 6ET
gy X Sy~
b RET — 4BET 0=xsLi2
_ T (3x—L/2)
f—blisl "EL 24E]
Li2ex=L
wi wL e :
e, =—— Vo, =——— V=  _4Lx+60x]
oo GET = RET 245,[-‘-’
0<xslL

3UN 3.9 M919UEAENNT5U4 slope a deflection vB3ATY



22

anuAlvinsalnueigane Jewmnuldvduiagazlainsdiveagui 1 dwmnsa

I9aun1s Deflection ¥a9A1U é’faaumiﬁ 3.5 [15]

V. = PL’ (3.5)
max - 3gp '
WD
Vmax = A1NI548UGN
P = WSIUIDUIMUNNNTZYIN
L = ANUYIIVBIATY
E = A" Elastic Modulus suaq’j’a@
)i = A1 Moment of Inertia YaIMUNAHA

NAUTIINITEBNKUY
L39EIERYRLANTULSIRTInTgYAuATTiA WY 25.34 Alansu

AUENVDIATUTANYNAY 49.00 LYURIAT

A1 Elastic Modulus veawmdnilawiniu 2.04 x 108 Alansu/iwuiiuns

A1 Moment of Inertia VBINTNAAANULALINNAY 8.688 LYURLUANT

ke
Deflection ¥99A1U

pPL3
= (3.5)

W=
3EI

25.34 Alansu X 493 gufiuns’
v =
3 % 2.04 X 106 wuiwns? X 8.688 wusiuns

1ANISWBUMMANTUDT I UAIUTANYINAU 0.056 LYURLUAS

1N

v = 0.056 wuiuns < Uypygy = 0.136 Wufians
AatuANsLeuFIveIAUinTuITeglunaeiNgausula

5) saNLUUNILTBNADAIUIUYNTDIS URAZIE DU ULSIRY vhN1919Ie]
VUAFURUAUGNA1 1.00 LWURIAT NNINA19YBIANGIATY =1.90 WuflinT Nz 7.00

wuAwes uanUaneauilvsnusussaieldduganyu tnelduiandnnausunauduiig
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Augnan 1.00 wuRluns [usnunyuy wazhndsmzyedmsurndudusuussfianuaisaiuils
WhSudmsudndagunsalinusaeu

6) 95833V AMMUATEEEU03ATOITUNNLALDIAAIY 20.00 LEURAWAT Loy

(%
a (Y

AR anaugnUuveIadunIuAugna1sly 1.00 Louflung lHudugugnaneuen 3.00

a & v oa o | 2 A
LYURNLURAT L‘Uu@nmfﬂmﬂLLVNLV]aﬂLW@LUu‘QﬂWHu%@Qﬂqu

3.3 ATIVEBUAINYNABINTITATUINY
nsnsIvaeuaNgnfesvesAtmuInlalagldldlusunsy Microsoft

Excel lun1sAunauiveideniasusuilaeuian

d (cm) r (cm) Fmax (kg)
2.2 1.1 8.926
2.5 1.25 10.144
2.54 1.27 10.306
2.8 1.4 11.361
2.9 1.45 11.767

3 1.5 12.172
32 1.6 12.984

(LAusuusa'les0.2kg)

5U# 3.10 TUsunsu Microsoft Excel AMuInALTRBUENAATIAATY HUTVINGR wagidy

sausUvaatiudmiuinnuaIasiloTausuleunuunnm

dntinEua9
AUETIATY 0.49 (AT dmiinau 2.8 An.
EREITRTRTY 0.07 (LR UineUEaaLuaT 5.714286 An./ LU
AS[STREST] 0.421uR3
Taugnudu 0.014 kg*m
Tanuusanads 0.504 kg*m
dmidne 7 kg

JU# 3.11 TUsunsu Microsoft Excel TunsAnnaluudvesaulayanminuesue



LARnNeuY

Fmax (kg) c{em) | stress(ksc) fmaximum allowable stress (ksc] S {cm*3) | Sreq (cm”3) Jrallow (cm] 4 (cm)

*AuNALTINAaUAIAR=9 ksc Fmax = 13.09 kg *1.5(1dur1éla) = 19.64 kg

UM 3.12 TUsunsu Microsoft Excel Tun1sAuiaudn Section Modulus Wagen Deflection vesmuiivtfnsi1e q fansanelanill

dwiundninausinldiduleulvlumafenvianau fo S = Syeq Wz Agjiow= 7

ve
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3.4 NAFBUNISNIIUVD AT DI DIAITILADULUUNNNA
PRINN P DDNKUU ATIFOU WALASILAT DI DADULNBULAT 99 T AT AR D UL U

WNNUTBUTRELEITLAYIINTAARA R UN TN IMUALTIA LA ULEINTIADUTIBALLBEAFNY 7|

LAt lUYINNSERUMEULAT 9L TR S ILADURUUNAN

] Y ¥ o v oa o A A o =
E'LI‘Vl 3.13 LUNSUATIRIUNAGNLAI DU D IALLIILRDULLUUNANA

[

dmsuiiniudmsuannunIesdleinusudeunuunnnlaviinisiedsiundugniu

LAYANNITORANAILAIDINDINLIIABULUUNAN L NDYIINISTA

JUN 3.14 Eudusuusan
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dwsuduusuussislddudunnuan@sie JOF Super PE x8 awdin 8 @ulun1ssuusefiiin

NNTUMUNISUAI NS URAA AT DI D IR LS UADULUUNAN

0.230 2.0 28.0 12.70

0.300 35 46.0 20.80

10370 5.0 60.0 27.20

1 0450 7.0 80.0 36.20

(Ref : https://monster-fishing.com/product/)

JUN 3.15 P15 NATIUNUABUSITLVDHFUDUTULIIAS

9N3UT 3.15 duBuanunsnsuusadiels wiriu 40.20 kg = wsehvasaiivinainnis

TS UANSURNAILATOILD TALTIABULUUNANY WINAU 10.31 kg

5U# 3.16 nsinsssualnielinuegluanizauga


https://monster-fishing.com/product/%E0%B8%AA%E0%B8%B2%E0%B8%A2%E0%B8%9E%E0%B8%B5%E0%B8%AD%E0%B8%B5-pe-jof-%E0%B8%A3%E0%B8%B8%E0%B9%88%E0%B8%99-super-pex8-%E0%B8%AA%E0%B8%B2%E0%B8%A2%E0%B8%AA%E0%B8%B5%E0%B8%A3%E0%B8%B8%E0%B9%89-2/

27

(%
a (Y

dmiuduadmdnaznadaslinsvedaivatsaeiarsmuiussaiei

luudniinduiuauegluanizauna

JUN 3.17 Aunaufndalasnamafasue

(% 1%
v v 1 [ Y

F11SUAT UL BAAA A UNNUNENTIUANIATURIIURIY ATIVFBULAINUTN

9

luuaninvuiuauegluanivauna

JUT 3.18 MsAinAsAIIiUgnTessy

dmsunsindsaudiiugeasesiurihnsinddleeldndugnuuasuianiniiviings

ponLuvluNTAAAITIUEIUANY ¢ [
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5UN 3.19 N15AARIIUMILTULSS

'
aal LY Y]

AmTUNsSAAAIINSULSIRBRINSARRsluANaInlisEAUNeATuAINALT D LY

A111505UBSINNSEYIAUa1e A Ul IILSULSIla

5UM 3.20 fnalagmFulsInavate AUl mIuiuLse

v o d'

ANMSUAINALAZAISULTINATIUA18ATUE 99U ULSY Usenusvinula

RUNUNNOAYITa1LNS 8 1UALS IR DN U e



una 4

NSNAFBULAZILATIZNANSNAGDU

4.1 gunsalnldlunsnagau

1. 2BINUSULSS VUIA 200 Alansy Auazden 0.002 Jadluns

2

2. 1A 09D TALTBRADUBLUUNANT VUM 9 NLan5u/ eSS Anuazden 0.1

Alandu/muRiang >

4.2 nsapuLisun3aslia JausABauLUUNAN
dievinsinamdesioTausudeusuunnmd fAadad fuiifussildiinussdn
(Torque) Fuhlsmurwaveussiadeniifoudefuithiuuasfam ussisdenivhliin
I@JLmuﬁmammﬁﬂawmuﬁjaLﬁ’ﬂ%’uﬁasﬂuamwama \esanisluudvemsiivatsany
Hasu mﬂamqaﬁumimLuuﬁv‘fﬂﬁmmmmwmmWuaaLmﬁﬂmamuﬁjmqLLmu%’ULma"]u
18 feduaylarndiedosilosuldas s suiisutuaifilaainnisauiaii eniaay
AaIAAAIUTDLAS DT TALS A dBULUUNAN
Taoussiiaiedldanmstaanmsmumamguianansamildain

d1n15w5900 (Torsion formula) AIEUNIST 2.4

Tc
T = — (2.4)
J
a
B
T = vthigusougagn
c = SAtlvpanisn
J = polar moment of inertia UBINUTINLUFA
a dl
waTANAUNIIHIITA aun1sN 2.3
T=Fxd (2.3)
1o

T=9UNNVBINDIN
F=k59n58911

d=528EN AR INIINANHUDIUUILSS



30

MNAUNISN 3.1

EFXr)x
= 1)

MMsdnguiionuss F agle

T X c3
F=—71
2r
eennsimuSeudanatendu 7.64 NU9aLstiaiuni1sin sauuA1NwmusU
WSIDNUALLAWANNU 7.64 x FANUNRUNSARING = 1.77 H1519IURLUAST)
WAzl 19nNANN A5 IUUSULSIEnUReLTY Division #Sa371uIUYeY 34

Aosulatsennszilumamguiliduafswmusuliles

YIAUN 20 Alansu

142 99 JAMIAU 20 Alansy [ X x ==
ures 142 1sdwuns

(%
v Y

9UUNN 1.00 1999 A1IUsulAwingU 0.1408 Alansy

q

Tunisneaauazldias 09l in kS AROURLUUNANIA LA SUNITAB U ULLLA?

INUSEN ELLE international lagunuantunmiiieusddow(T) Nvun 16 90 lown 1, 1.5, 2,

25,3,35,4,45,5,55,6,65,7,75,8uay 85 Alandu/uRuns? lnevndau
| 1 u’.J/ 3 a [~ o 1 a v ) I 5 ) | A v

wiagAIiaran 3 A5 lnedaludnuiudesilaainnismuialudazan anduiAflaun

Wsuieulum1519waEns I eTAIAINNARIAAADUTBILASBIL D UL ULAS DL DAL

LDDULUUNANT TARANISNAAD UL



4.3 Nan1INngay

A1519% 4.1 P15 VUTNNNANISNAADUVDNAIBILBEDUIEUN 1.0 D4 8.5 ksc

31

1'7i Fain | F231n P 97n | Division | Torvane | Torvane | Torvane @hmﬁlﬂ error%
Torvane | 0135 135 n1s a1ulaase | o1uldase | 9uldass
Reading | AMWa | AL | AU ASaii1 ASsii2 ASaii3 (kso)
(ksc) (kg) (kg) | (kg/cm) (ksc) (ksc) (ksc)
1.0 0.902 6.885 3.890 28 2 2 1.9 1.967 | 49.152
1.5 1.352 10.328 5.835 41 2.4 2.3 2.3 2.333 | 35714
2 1.803 13.771 7.780 55 3 2.9 3 2967 | 32.584
2.5 2.254 17.214 9.725 69 3.5 3.4 3.5 3.467 | 27.885
3 2.705 20.656 11.670 83 4.2 4.2 4.1 4.167 28
3.5 3.156 24.099 13.615 97 4.9 4.8 4.9 4.867 | 28.082
4 3.607 27.542 15.560 110 5.5 53 5.5 5.433 | 26.380
4.5 4.057 30.984 17.505 124 5.8 58 5.7 5767 | 21.965
5 4.508 34.427 19.450 138 6.1 6.2 6.1 6.133 | 18.478
55 4.959 37.870 | 21.395 157 6.4 6.5 6.4 6.433 | 14.508
6 5.410 41.312 23.340 166 6.7 6.7 6.6 6.667 10
6.5 5.861 44.755 | 25.285 180 7 7 6.9 6.967 6.699
7 6.312 48.198 27.230 193 1.2 7.1 1.2 7.167 2.325
7.5 6.762 51.641 29.175 207 1.7 7.8 1.7 7.733 3.017
8 7.213 55.083 | 31.121 221 8.3 8.3 8.2 8.267 3.226
8.5 7.664 58.526 33.066 235 8.9 8.9 8.9 8.9 4.494
9 8.115 61.969 35.011 249 9 9 9 9 0
AVG. 19.532

= i ° aa N R &
bUBIRIINATIIINNTIATUIUN NN BN 8.5 ksc 1ANNLATDIUDNAADULTIRDU

91uUlA939A8 8.9 ksc YIMWAIINNTAIUNING RN 9.0 ksc Huwalduiaeiauinniim

A A R o v 1 da X a
Lﬂi@ﬂll@"ﬂgjﬂl@l ﬂ@lmu’]uqﬁlﬂUﬂqijﬂﬂ"mLﬂﬂ‘?]u’ﬂﬁfl
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INANTNIN 4.1 naansnlaee
AIANUARIAARBUANEAYBIATBBARULTIR UM Wiy 2.325%
A1AUARTALATEUEIAAYBIATRH AR UIEUIAT vy 49.152%

ANPINUARINLAADULAALVDIATDILAD UL ULAT AU 19.532%

1
al

aAnuanITFauinuAa 1w et AuaAaTEIU

10.000
9.000
8.000
7.000
6.000
5.000
4.000
3.000
2.000
1.000

0.000
0 1 2 3 4 5 b 7 8

——ania @i —e—AwiATsn @

JUN 4.1 uaznsmuaninmsiUSeuiieurneulaasaivanannsgiu
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A15199 4.2 P15 9TUNNNANITNAADUVDLAIBINDADUWBUN 10 019 240 ¥89 (Division)

Division Torvane Reading 1 Torvane Reading 2 | Torvane Reading 3 P 31nM1sATUIN F 290015AU8 1 Torvane Reading 21nN15AUIM

(ksc) (ksc) (ksc) AVG. (kg/cm?) (kg) (ksc)
10 0.7 0.6 0.7 0.667 1.408 2.489 0.362
20 1.3 1.3 i) L{333 2.817 4.978 0.724
30 1.9 1.9 2 1.933 4.225 7.467 1.086
40 2.4 2.4 2.4 2.400 5.634 9.956 1.448
50 2.8 2.9 2.8 o830 7.042 12.445 1.809
60 3.1 3.2 3.1 Al 38 8.451 14.934 2.171
70 3.5 3.6 3.5 D33 9835 17.423 2.533
80 4.1 4.2 4.2 4.167 11.268 19.911 2.895
90 4.7 4.8 4.7 4.733 12.676 22.400 3.257
100 53 5.2 5.2 D283 14.085 24.889 3.619
110 55 55 5.5 5.500 15.493 27.378 3.981
120 5.8 5.8 5.7 5.767 16.901 29.867 4.343
130 5.9 6 b, %] 5.933 18.310 32.356 4.705
140 6.1 6.1 [élva 6.133 19.718 34.845 5.066
150 6.4 6.4 6.3 6.367 24 N 37.334 5.428
160 6.6 6.5 6.5 6.533 22.535 39.823 5.790
170 7 6.8 6.9 6.900 23.944 42.312 6.152
180 7 7 7.1 7.033 25487 44.801 6.514
190 7.1 7.2 & 7.167 26.761 47.290 6.876
200 7.5 7.6 7.6 7.567 28.169 49.779 7.238
210 8 7.9 8 7.967 29.577 52.268 7.600
220 8.2 8.3 8.3 8.267 30.986 54.757 7.962
230 8.6 8.6 8.7 8.633 32.394 57.246 8.323
240 9 9 9 9.000 33.803 59.734 8.685
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nslugasnuguNUgszuIAILsaLdauiatu ldaniesasiiaduain laain
AFATUIUNIIN RS
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8.000 B
7.000
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5.000 y =1.0467x - 1.1061

4.000 R?=0.971

3.000
2.000
1.000

0.000
1 OOCP'OOO 1.000 2.000 3.000  4.000 5.000 6.000 7.000 8000 9.000 10.000

AT auniATavilaa1ulaa’v (ksc)

A o 1 A v a =~ o fal v oA
WothAnaaaulaana1sen 2 TeuUnsWNaaNsate A
dun1susunA y = 1.0467x — 1.1061 ksc
)
| & A oA A v ° =
y = A0 UNATEINEEULAIINNITAINIUNIING Y
X = ALIIDAUNLATDI R 1ULA9
AN coefficient of determination (Rz) =0.971
azlen
A1 coefficient of determination (R2) = 0.971 = afigausuld = 0.950
Aty AAuAIAARauYRNATBladeuLigUaglunamTueuTulAuaziAALesiy
7197.10% [2]
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A5199 4.3 P15 ILARIAIAINUAAINLARDULAENITAIUIUANUSULA AT DU 1A 99N

A A & ] Y] Y
LAIDIUDNAADULLIN LQ@‘ULL‘U‘U‘WﬂWWI@I EJIEU?'QJ n1sUsULN

fi Torvane Reading

ALafEaNLAsaIiaN

error%

Arusunfannaunisusund

error%

uldasa
(ksc)
(ksc)
1 1.967 49.152 0.952 4.759
1.5 2553 35.7143 1.336 10.920
2 2.967 32.584 1.999 0.0445
2.5 3.467 27.885 2. 5¢A -0.898
3 4.167 28.000 3.255 -8.505
3.5 4.867 28.0822 3.988 -13.938
aq 5.433 26.380 4.581 -14.524
4.5 5.767 21.965 4.930 -9.553
5 6.133 18.478 5314 -6.273
55 6.433 14.508 5.628 -2.321
6 6.667 10.000 5.872 2.135
6.5 6.967 6.699 6.186 4.832
7 7.167 2.325 6.395 8.639
7.5 7.733 3.017 6.988 6.822
8 8.267 3.226 7.547 5.667
8.5 8.9 4.494 8.210 3.417
ave. - 19.532 - -0.549




10

(ksc)

AuTaiau

0

AsnaasnIsilFauinussuisalnsdavitlaainnsAUIMNIINa 4 Alnatulaaseainmiasiia
nazali laannauasdsuna’

Division

»_ -
=171 L a4

i d . o
==aaulags

a=giilFiunaA

41

55

69

B3

97

110

124

138

152

166

221

235

=il ammaug

15

25

3.5

4.5

5.5

6.5

7.5

&85

I -
=e=giaula%

1967

2353

2.967

3.467

4.167

4.867

5.433

5.767

6.133

6.433

6.667

6.967

7.167

7.733

B.267

B9

el IS0 A

0.952

1336

1995

2.522

3.255

3.988

4581

4.930

5.314

5.628

5.872

6.186

6.395

6.988

7.547

8.210

9¢



37

NadWSTIle e
APunaAlAReudRYBLATesTToaauLTisuila ity 0.898%
AmuAaALAGRLgIgavesiATesilaaauLieuiiAn winfu 14.524%
AmuAAldeuIRAYe AT laaBUiBUSIAN Ny 0.509%
a¢lean
AmnuAanAdougegalulsazaveaaiesiloasuliioy = 14.524% < arpnuaainiAdoy
geanvendosiioaouifisulunsazndivonsuld = + 15.000%
AAuRaRABUIRABgIERveNAsBsliaaaUiBy = 0.549% < FrmNuAAALARDUIRAB YD
resiloapuiiisuiivensuld = + 5.000%
fydu inFasiioaouifiouiniasiioTausadouuuunnmnddanunainnieuaylunaseii

QU b IS 1 A A
gausulauasiinmuueie
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WAaunuAINUS 2565 fadieu nquniau 2566 Wussziian 13 dUav dawaliy3detu nsuds
MANNMTRENLUY wazn1suAsesdlonmaaaudse laiseusvinuvelunisesnuuuni ssaeuiisungneias
v =< Ay v o ada [ Yo ¥
AunanUInIgIY nsudsdyniilanuelunsiausesisunledym iilasuanusglusiiuey
ponkuUlAIesile Inin1sviauedidls waraunsaeenuwuuieldnulaedils InedianudanunEe

I [ a o =1 e ¢ 1% A A = a4 A
wlfegradugusssu nenmsidelunsilienansdisnuueuningly senuuunIesileaauiiisuiaiosile
Tausadousuunnn wazthllslunsasumieuass ilnlasuusesaunisal mssenuuusaviluldeu
InutmPuldymnifiauiuiuaieds wazdadeniee BnliAnAIANAaIAAREUYBIRLATON D

=~ U sa v A A =~ A4 A o 44 ! |
dounigy naansNlaNNIsNAdeUAIosledauieuLAs oo Tanstdouwuunnn lag unuatluniag

usE0u(T) amun 16 9aldun 1,1.5,2,25,3,35,4,45,5 55 ,6,65,7,7.5,8 uaz 8.5

[
v

Alansu/wuiuns? laevadaunnazaviaue 3 a5e lasdadusiuudesildannnisemualunsazan
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& o 1 ayy = = ‘:4' i = A A =~ A oA
f\]’muumm‘vﬂmmLiJiEJULVlEJUIWH‘JNLLazﬂ‘m‘V\I WBRIAIAITUAAIALAADUVBIUATDIUDFDULNYULATDIND

[ '
1 =

v A v (% ] o « A a ISP I

Tawsadouuwuunni lonaansasll AanueaIaedouianveasediodeuiisuilen wiriu 2.325%
AANARNALATEUENAAYRIATRBRUIBUHAT WU 49.152% A1AnuAaalAfeulRfeuedATeIle
gouliguian Wiy 19.532% aunsusulndimsuiasesileaauisull Ao y = 1.0467x — 1.1061 wazAl
coefficient of determination (R?) = 0.971 WieUsuunaudilanadnssisil A1ANUAINATOUINAAYRY
\nIeadlodeuliiguiian Wiy 0.898% AANNAAIALAT BUEIAAYBILAT B BABULTIBULIAY Wiy
14.524% AIAUARIALAT DULRAEVRILAS DalladauLgUTAT WU 0.549% Ay auisaaguladn

A A = A A o = a = i ¢ v Yy =
\ATeledauIiguIAspdllainusuauLuUNnNIllAANRaaAd ouaglunam Ngeusulduasiiaiy
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iAseslladouiiey kaznannsasuliiey viinsvihanulugiwsnlisuiy
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a Ya
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Y a a al a & ] A o v & ~ DI = 9
TRANGIAYIBAIINAIAPRBUAAYY WU N13EaRvandueY AHalwdrdn Fonansuislade
A= o 4 v say v a =4
wiaUuAE e dns LA e msanTu
5.2.3 n1seenuuuluasslldiagimlaniliiliosnndedandauielsznis slueuian
anunsanaunulaceTanfndd wu Sumidniun wsssaznununintunisldn
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WiaLiiuugNABiugLoRNIUY
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iy 10 Proving Ring 911a 100 kg aztdem 0.001 mm. Tunismegeutieliaflaudugingsmssndu
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1. Torvane Shear Device [1]
1.1 Introduction
The Torvane shear device (ELE International model 26-2261) enables the user to  quickly
determine the shear strength of cohesive soils.

Three sizes of vanes are supplied with Torvane

® The standard vane (25.4 mm diameter) has a stress from 0 to 1 kg/cm2, this is also the
approximate range of torque that can be easily applied by finger pressure. It is used for
fully saturated cohesive soils with undrained strength independent of normal pressure.
The stress range permits it to be used for clays varying in consistency from very soft to

stiff.

® The sensitive vane (47.5 mm diameter) is provided for use with remolded samples. It is

for a range of 0 to 0.2 kg/cm2. It has a ratio of 0.2.

® The high-capacity vane (19 mm diameter), it is used with stiffer clays. It is for a range of 0

to 2.5 kg/cm2. It has a ratio of 2.5.

g‘lJ 1.1 Torvane shear device (ELE International)



a6

® The pocket penetrometer was developed by Soiltest Inc. for use by field engineers to
check the visual classification of soils. The readings of the penetrometer were compiled
from several thousand unconfined compression tests of silty and clay-like soils.
1.2 Procedures - Making a Measurement

1) Select the appropriate vane size and fit for the vane driver.

g‘lJ N1.2 Vane driver and the 3 kinds of vanes.

2) Make sure zero on dial is aligned with index mark on knob, rotating counterclockwise
the dial face.
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3U n.3 Dial aligned.

3) Test the surface, should be reasonably flat and at least two inches in diameter.
4) Press Torvane into soil to depth of blades and maintain a constant vertical pressure
while turning knob. A rate of rotation such that failure develops in five to ten seconds is

recommmended.
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3U n.4 Shear meter correct position.

5) After failure develops, release the remaining spring tension slowly and the index

mark on the knob will indicate the maximum shear value.

g‘d N.5 Result at the end of the measurement.



2. Proving Ring [14]
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Some Notes on Design and Manufacture of Proving Ring

*
soms  g3Imsang  M.Eng.

UNI

2vun2udausy (Proving Ring) Alulumownaawiilu i furvunqud
wne tnunzluntsiausvunazeuan neludiady Dial Gauge 1flas uAnasyuin
wununanelanautmin 2vunautanse imunsauamiulalimawnaaavan sas
uiR il ul

1) O¥nwaziuavudousy nuanmeantsloeuladla@onusne

2) Fnwuzniseanuuuinnimivin® Savumiuifosnse luwaanausan
0 warfnfuaam¥uae 191 tafamasavlagzaan
3) Pasiv Dial Gauge #flarnuaziBuansamIuvufazlosimdurvunau
wlunawnnasy lawialuly Dial Gauge aauaziBus 0.0001 §4 w¥a 0.002
n3a 0.001 uu, nau Dial Gauge zeav LARouia lanaovludadin nasnhenw
an u Dial Gauge 12unansoea 1 ¥n ﬁHumﬂﬁHﬂua:nﬁ1ﬁduﬁuua:ﬂa

4) nassauifivy (Calibration) nszvilavae nAtedwduiussy -
WAniina3e uaraguiiteay Dial Gauge tfuimumsv(Linear) 2vwumuin@nd
Fauf liBamdean Ina n1sseu i fiouail

5) Saawla(Sensitivity) waununz lussulu(asnaInavumuguiin
fognnafiua’ln Strain Rate A¥vlianavuin)  uwazluufelu-arwloveuly
TRy

n13l7avunauFausy (Hevrumaseu¥ag nieluiflessuiflou (Calibr -

anmiinfian Lhlunrmasey Jennuatdiauan v luniuaugnaevyevan

c L z Ld -~ - L4
n uamivluniuaugdsssuny tanraveunazgiuany  lunstilervumudausy

-~ -~ -~ .
AUYAIUAUNDBINARBINTIINY  urundAanssussiiuarnisuuay aortiuinalulad

a1y
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Jee an s a3

¥usau(Certify) msvmameuluvauneaiteany 9  gliavumudauivivaasle
v leszuvuazniinnisvevivunauYansvinaewun  luuaens®3rmanafiaauet
aavldavunutausvuan infa lusinvumutauseifasnudsngwds Ladaulons
pauinguala q faay sy ingraluau Asegha (vunuimiminia Tufian

- - [ (] - [ ]
avge) fewrsosenwuuazaitvrvwmmauiela  Teoflawaso¥ausvlagna

Saguszavn v Tugaus cavandnusvunaaautl
2. n'n"aammumr.mm?mﬂ

- & ¥ - .
ﬁﬁnnﬂﬂaﬂﬂuuu1wuuﬁuﬁﬁuﬁutﬂuwﬂaQﬂﬂudmﬁﬂuﬁuLﬁuﬂUmﬂﬂﬁu(Sa
- - .
Stess) ol lavurarvumufive tnunzwazfias w2 twunzay nsat o
i) * » r
grsusviauvevIvuniuue (Theory of Thin Ring) Fumguinuovauuniu

aw1son 1naangns (BISHOP & HENKEL, 1957) :

_ 1.79pr?

8
Ebt?
(e
§ = arquiawevrvunnindnlunua¥all (Radial)Agnuswnson
P = thwnilnnsent, Usun
r = a1%¥ad 1afuvevivunau, 67
b = @21und7vuaviNeniu, 19
£ = A7 WHUAZavINUnaY, fin

E = Modulus of Elasticity wawivuniuinin,vsunrenis

L] L] el | [
FMAIUTY LAUARA (Fiber Stress) walaaangms

f = 6Pr
Tote?
uazaAaula(Sensitivity) w3adwstaiu g avith
P _ Ebt®

Sensivity, 3 = uoun/fa

1.79¢°
Tavia lthvumu¥attmiinaz 1y Dial Gauge wune uazifunfa(l
sion)az 0.0001 f(1x10™" fa) ivsnzarfiudetnanul lumihuteunseds
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3 - .
Sensivity, g = TE%§;3K10 Uaun/Tn (4)

Hoflaz Innrseanuuularurarvunaufive inunznanafie nmwlage ¥ag
1 lamavunaunds 1 Tion@n High Tensile n%aun@n High Carbon w3ainan
fv(Heat-treated) niavyevgntu(Ball Bearing Race) A19ua (LAMBE .
1) Teun'munaiusviaudasafiolaussuna £ = 112,000-144,0000sun /5.6
ufintmagou indinfila ilonaan Modulus of Elasticity(E) a-alusn
30x10° daun/as.dh @ m¥uumEniiald Senantsatuines laaan Lafuuntin

n15 LS anpanuuuautavavvunufialn lagavaiaul flmeents sev
AAS LML LAz AR LAY LMz aY Tavun@rvunaanmiinflglunawmeanein
uuwncﬁuﬁﬂanéﬂmwudﬁ:nww 6-8 fin N3 LRNAUMUINTEYIYUHINasna AN
JlranavlaiSaniaaanaie(Load Capacity) fifisfu  #efiunrseanuuunisas
wulnrvunmauni1ely Tasunfvuniudnusoillam Tdesnivdssua 1-2 6q

A INuEAN A2 ANUS 1:H%ﬂvﬂ11u11(Sensitivity} waszn iy (Maxi-
Load) uﬁ:ﬁﬁﬂunuﬁﬂaﬂauuﬂﬂuaﬁnihﬁquwﬁuwuﬁﬁLﬁuﬁﬁﬁuﬁnaWﬁ 6 uaz’ ﬁ1
11 2 usmelugud 1
gurnumuauseilolunamnaaoy  Adsfaunanny q Ausatmiuiden’ly

* [ 3
1 uppu-wivwevhuuaz Yagiveaau

9.03 .l I 40, 000
i1 i .

3 |
- t— T-in, 00,
g '\ T (annivd

awls [ Smnmivi byl
2 p.1 L] ket | 18, 600
= iy T
: L—!n,m.‘. \5 .."_Jf;
= MY 3= g
‘" ] 7-im.m
; \ I"l o §
= N P AT Tr— fa
= 4
3 = 1,000 -5
E - Y
E y
> F <Y
2 7, =,
z i b
by ] -~

~
10 100

o 0.1 @.2 a3 .4 1% a6
A TeranR T, T

= " v
aﬂill NI UEAIARELTRTDVIVUNIUIAUS VU TR LEUNNgUENATIN TIBUBA
6-7 #in mh9ninén High Tensile Purandte 1 i
(BISHOP & HENKEL, 1957)
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USE AND CARE OF LOAD RINGS FOR TRIAXIAL TESTS

THE LOAD RING

The iatricated load rings are designed for ultra sensitivity. The great majority of the range have rings made
from tempered high tensile steel and are fitted with precision blocks. The calibration tests are carried out on
a dead load rig in our Works. All rings will retain elastic properties providing no load in excess of 100%
above the capacity ratingj, are applied.

APPLICATION OF LOAD RINGS

Our rings have the same basic construction throughout the range, with the exception that the higher capacity
rings e.g., in excess of 1000 Ibs or 500 kgf, hz+e strengthened blocks and bolts.

The load rings supplied with Triaxial equipment have fixing pins at right angles to the plane of the ring, whilst
for the shearbox proving rings, these pins are parallel to the plane of the ring.

TRIAXIAL TEST

These are fitted with locating ends to suit our machines. It has to be mounted and suspended, from the two
tension springs hanging from the cross beam of the testing machine or onto the ball seating where fitted.
The female cone seating will then be located below, but not in contact with the male hemispherical pin fitted
to the cross beam. The triaxial cell ram has a female conical end, which is below the proving ring male
hemispherical bolt located in the lower block, when the triaxial cell is mounted on the platen of the triaxial

machine.

When this is done the platen should be raised until contact is just made, which will be indicated by the dial
qauge pointer just raoving. The moment a small movement is noted, stop platen motion and rotate the dial
gauge cover L:ntil pointer is eroed. Then, using the calibration figures, the proving ring can be utilised for
load nis2surement.

COfISOLIDATION AND SHEARBOX TESTS
This fo-lows a similar pattern of dia! gauge operation i.e., tha ‘ace is zercad wien-«i2 raackine is in the

stationary starting point h-fore cominencii; lusisst.

When using residual procedures on the shearbox machine, it is necessary to reverse the zeroing technique
with the ring in tension. The tailstcck screw is unlocked and released until all compression is removed from
ring, then the screw is re locked and the dial gauge reset to the reading shown on the tension calibration

figures.

CARE OF LOAD RINGS

Ensure that rings are never loaded past their maximum capacity .If this occurs or the rings are accidentally
dropped, recalibration will be necessary. This can be carried out at our Works.

We recommend that all load rings are recalibrated every two years to ensure that the figures supplied with
each ring are still valid.

TQDLQUIP : Tel: +44 (0) 1530 813655
Leicester Fax: +44 (0) 1530 812054
LE67 5FT e-mail: sales @toolquip.co.uk
England
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TOOLQUIP Intarnational Ltd.
Britannia House, Goliath Road
Hermitage Industrial Estate,
Coalville

LE67 5FT

England

Tel:
Fax:

+44 (0) 1530 813655
+44 (0) 1530 §12054
E-mail: sales @toolquip.co.uk

3
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WF, No.: 14120
Caf:acity: 200 Kg.

Ring No.:

15403

1 Division: .002 mm

LOAD COMPRESSION

TENSION

Kilograms Force Division Division
0 0
20 142
40 282
60 426
80 569
100 714
120 858
140 1002
160 1147
180 1292
200 1440

and replacement purposes.

A copy of this certificate is retained at our Works fof reference

nd on behalf of
« Quality Control

Date: 6™ June 2000

R E R RN R ARE] ERRRECTY " NIRSRRCCEE IRERNR LY

}

vdnd

need 4
:I‘,.., 3
B R S A O e S 08

59

5U 9.9 Yayanisaauiiey Mangauiiu karseazidenvesItiuiulssminanlgly

NNINRdaU



AANUIN A

Calibration and Linear Regression Analysis: A Self-Guided Tutorial

60



Calibration and Linear Regression Analysis: A Self-Guided Tutorial [2]

Calibration and Linear Regression Analysis: A Self-Guided Tutorial
Fart 1 — Instrumental Analysis with Excel: The Basics

CHM314 Instrumental Analysis
Department of Chemistry, University of Toronto
Dr. D. Stone (prepared by J. Ellis)

1 Introduction - Instrumental Analysis and Calibration

Instrumental analysis is very important in all areas of analytical chemistry. Modem analytical chemistry
is a quantitative science, meaning that the desired result is almost always numeric. We need to know there is
55 ug of mercury in a sample of water, or 20 mM glucose in a blood sample. Quantitative results for
analytical chemisiry are obtained using devices or instruments that allow us to determine the concentration of
a chemical in a sample from an observable signal.

Before an instrument can be successfully used to determine a concentration, it must be calibrated for
values in the range that it is to be used. This normally involves testing samples of known concentration,
known as standards, and measuring the corresponding signal from the device. This is performed over the
entire operating range of the instrument, or at least within the linear range, to statistically generate a
calibration curve for the device. In this brief tutorial, the basic fundamentals of calibration curve
determination will be covered, including linear regression and correlation. As well, the basics of statistical
analysis using Microsofi™ Excel will be presented.

A calibration curve is an equation relating the output signal of an instrument, such as an electrical voltage
or current, to the quantity that the instrument measures. In the simplest form, the calibration curve will take
the form of the equation of a straight line, with a slope and a y-intercept, determined by statistical analysis of
the calibration data. Other equations can be used, such as logarithmic or polynomial fits. These will be
explained in later sections.

Throughout this tutorial, all steps and examples are performed using MS Excel. However, the
information and techniques can be applied to any spreadsheet program. Spreadsheet software can be easily
applied to statistical problems, including calibration curve generation, but more sophisticated software exists
to facilitate the computations, such as mathematical packages like Matlab or Mathematica, and statistical
software like SAS or SPSS. In fact, Excel comes with a built-in Analysis Toolpak, which will be discussed
at the end of the tutorial. While these packages automate many of the computations needed in statistical
processing, the results are generally more difficult to interpret. The steps presented in this section, and
throughout the tutorial, will provide you with a working knowledge of spreadsheets and their use in basic
statistical instrumental analysis.
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2 Microsoft™ Excel Basics

In this section, data manipulation using MS Excel 1s introduced, including importing, copying and
pasting data and entering equations. A basic understanding of the Windows operating system 1s assumed,
including the ability to navigate within Windows, and find and open files.

Throughout this tutorial, different text formats will be used to indicate different actions or operations.
Keystrokes (things you need to type) will be denoted with the Courier font. Menus will be denoted with
bold Arial, followed by an arrow, then the menu item in Arial. So if you see File—New, this means, click on
the File menu at the top of the screen and select the New option. Options, buttons in dialog boxes and the
Enter key will also use this font. Dialog box titles will be in bold Times. Functions will be denoted with
ALL-CAPS COURIER

2.1 Using Excel

1. Open Excel. One way to do this 1s to click the Start button, select Run and type Excel, then press
Enter.

2. Open a new file by selecting File—=Mew or pressing Ctr1-N. A new spreadsheet file will appear. You
can also open an existing file by selecting File—0Open, or pressing Ctr1-0. In this case, a dialog box
will open, showing a directory tree. You can navigate to the file you would like to open. However, we
will work with a new file, into which you will import numerical data.

2.1.1 Cells in Excel

Data is entered and manipulated in Excel within cells. Each block on the screen when you look at Excel
is a cell. A cell can contain letters, numbers or equations. Equations operate on other cells in the spreadsheet
to calculate values. The cells are divided into columns, designated by letters, and rows, designated by
numbers, and are denoted by the letter, followed by the number. For example, the first cell on a worksheet is
Al. You can enter data into cells in a number of ways. The easiest is simply by typing the desired value into
the cell and pressing the Enter key, but this can become tedious if there is a list or series of data that you
wish to enter. This can be done by pasting a series of data or entering an equation. You can also plot a graph
of your data.

2.1.2 Pasting a Series

Pasting a series of data is useful 1f there is a regular pattern to the data, or 1f 1t 15 useful to view the form
of an equation. It is of much use in analysis, but is a good introductory exercise as it illustrates some useful
techniques. In this, we will see how to make three columns of regularly spaced data.

1. Open new worksheet, and place the cursor in the top-left most cell (Al).

2. Type 1 and press Enter. The number | should appear on the nght side of the cell, and the cursor should
move to cell A2,

3. Type 2 and press Enter. The first two cells in column A should now be filled with 1 and 2.

4. Select cells Al and A2 by clicking and holding the mouse button on cell Al, dragging to cell A2, and
releasing the mouse button.

5. Using the mouse, place the arrow at the bottom right comer of the selection, the handle, which is marked
by a small square. The cursor should change to indicate that you are on the handle.
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6. Click and drag the handle down to cell A10. This will fill cells Al-10 with the numbers | through 10.
You can drag the handle to different cells to create different length series.

7. To create series with different intervals, simply change the first two numbers. In cells Bl and B2, enter 0
and 0.1, respectively.
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8. Drag the handle to B16 to create the series.

9. You can have decreasing and negative series as well.

2.1.3 Equations

We will now see how to manipulate data using equations. This is useful when you want to test out a
calibration curve, or use the calibration equation to analyze experimental data. You can use Excel to generate
complex equations, however we will only treat very simple ones here. Before we begin, note the table of
operators below used in numerical computing. These are not exactly the same as you would see written
elsewhere, but they mean the same thing.

Tusk Cperator Example Result
Mudtiplication - e i3
Division 442 2
Exponernt & 43 &
Order of operations .} 2%345 1
2%(3+3) 30

Power of ten eor 3. 2e+d 32000

J.2e2 .032

Continuing from the previous example:

1. Incell Cl, beside the 0 from the second series, type =, then select cell B1. Cell C1 should now contain
the phrase =B1. The =-sign tells Excel that the text following the = 1s part of an equation.

2. Continue the equation by typing *2+5 (do not press Enter yet) so cell C1 should read B1*2+5. Now
press enter and the cell should read 5. This is the result of 0x2+35.

3. Now copy this equation to the other cells in column C by dragging the handle of cell C1 (the square in
the bottom right corner of the cell) to C16. This fills in the values for all the cells, and should contain the
values 5 to 8. Note that the equation for each cell, which you can view along the top of the worksheet in

1
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the area marked f, has changed to reflect the referencing cell. Excel does this automatically to allow easy
copying of equations.

[5G = m | =EI6"2+5
) 7 c D

1] 1 0 5
2] 2 04 52
3| ] 0.2 54
4 4 03 58
5 5 04 58
(] 6 0% ]
7 ] 06 [¥]
o 8 oF B4
EN 4 0f 1]
10| 10 08 68
1 1 7
12 11 72
13 12 T4
2 13 16
15 14 18
16 1506l
17|

18

The series in column C1 is the equation for the straight line y =2x + 5 for x =0...1.5. This will become more
apparent in the next section. However, we will first try one more equation.

4. In column E, create a series from -1 to 1 with an increment of 0.2,
5. Incell F1, type the equation =E1~2+$A%2 and drag it over the whole series in column E.

The $-sign tells Excel that when copying the equation into other cells, it should always use the value in A2,
and not change it based on the cell referencing. This 15 useful for defining constants. You can also use the $-
maodifier once only, such as $A2. This means that the column remains constant, and only the rows change as
the equation is copied.

This series represents the parabola y = £+2forx=-1._1.

2.1.4 Plotting Data in Charts

A useful way to view and present your data is with charts. There are many types of charts available with
Excel, but the most useful for calibration curves is the X-Y scatter plot. We will use this tool to plot the
straight line y = 2x + 5 and the parabola y =x* + 2.

1. With the mouse, highlight columns B and C, rows | to 16.

2. Select Insert—=Chart. The Chart Wizard dialog box will appear.

3. In Step 1, there are many types of charts to choose from. Select the XY (Scatter) and click Next.
4

. In Step 2, we can choose to plot multiple series on the same chart. We won’t do that here. In fact, Excel
has already specified the proper axes, so we do not need to change anything.' Click Next.

! For more information on plotting multiple series on one chart, check the Excel Help under Plotting,
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5. In Step 3, you can enter chart titles, axis titles, and other display characteristics on the chart. Change
what you want, then click Next.

6. In Step 4, you can specify whether the chart should be shown in the current worksheet, or whether it
should stand alone in a separate worksheet. Click Finish and the chart should appear.

7. Repeat these steps to plot the parabola, highlighting instead columns E and F.
Your plots should look like this:
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2.2 Excel Functions

In this section, we consider two very useful Excel functions that you will use to develop calibration
curves. Excel functions are built-in formulas that perform frequent operations. The two functions we will
review here are SUM and AVERAGE. Functions can be entered as part of an equation, using the = sign, or
entered in a cell on its own.

You will enter fluorescence intensities and use this data to generate a calibration curve related
concentrations in pg'ml” to the intensities, from Miller and Miller’. This data will then be used in all the
subsequent examples. Enter the following data in the second two columns of an Excel spreadsheet. Column
B should contain the fluorescence intensities and column C the concentrations.

* Miller TN and Miller JC_ Statisties and Chemometrics for Amnalytical Chemistry, Pearson Education Ltd: United Kingdom
(2000), 4* Edition.
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Flugrescence Concentrafion
Intensities (pe/ml)
21 0
LR 2
2.0 4
12.6 t
17.3 &
200 I
M7 12

2.21 The suM Function

The SUM function in Excel 15 used to add all the elements in a series of data. This 15 fundamental for
statistical analysis, since all applications involve the sum of a series of numbers or samples. Its use is
straightforward when operating on a series of data, such as the fluorescence intensities in the previous
exercise. Using this data as a starting point, we will see how the SUM function works.

1. Ifitis not already open, find and open the fluorescence data from the previous exercise.

2. In the cell directly under the concentration values (should be cell B9, from the previous exercise), type
=sum) then highlight the cells you want to sum (in this case, B2-BE). The formula in the cell should
now read =sum (B2 : B8. Close the bracket and press Enter. The value in the cell should now be 42. This
should come as no surprise.

3. Do the same for the fluorescence intensity data. The sum should be 91.7.

Throughout this tutorial, whenever you see the symbol 3 in a formula, it indicates summation over a series
of samples or data.

2.2.2 The AVERAGE Function

The AVERAGE function, which calculates the mean of a set of samples, is also very useful in statistical
analysis. A full definition of the arithmetic mean of a set of data is quite complicated and mvolved. A simple
definition is that the mean is the expected result of any process. It is important to not confuse the population
mean with the sample mean. The sample mean is the mean for a set of discrete samples n, given by the

- 1 ; 0
formula ¥ = —E x;, where the x; are all the discrete samples. The average of a set is denoted by the symbol
n
X, so any formula containing this indicates the use of the AVERAGE function.

The population mean is the expected value for a process as n approaches infinity. For instance, if we take
a very large number of samples (normally on the order of 10° or even higher), we would approach the
population mean. It is the true expected value, and the sample mean is an approximation of. This 1s normally
denoted p, however it is not encountered in this tutorial and is only presented here as to make you aware that
there is a difference.

The AVERAGE function is used in the same way in Excel as the SUM function, except the word sum is
replaced with average. To calculate the average fluorescence intensity, the cell where you wish to do this
should look like =average (A2 :A9). The calculated value should be 13.1.

You are now ready to start calculating calibration curves using Excel, which will be covered in the next
section.
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3 The Calibration Curve and Correlation Coefficient

A calibration curve is an equation that permits us to calculate a desired experimental result in terms of
another. In the simplest form, this is given as the equation for a straight line, where the x-value is the input
and the y-value is the output. This is a best-fit curve through a series of experimental sample data, and is the
series of all points that are average {x,v} pairs of data, for the range of x and y, {?\"} Once we know the
equation for the average line, we can determine how well it fits the actual experimental data, using the
product-moment correlation coefficient, or, for simplicity, the correlation coefficient, R. This 15 a measure of
how close the data points are to the line. If the correlation coefficient is =1, it is a perfect fit and the line
accurately describes the data. An R of 0 indicates no linear correlation, and the straight line does not describe
the data at all. An [R| value close to 1 is df:sirable. The sign of R indicates the slope of the regression line.
The square of the correlation coefficient, R”, is also a common measure.

The simplest way to determine a calibration curve from plotted data in Excel is to use the Trendline
option on a chart. From this you can view the best-fit curve line and display the equation and correlation
coefficient. While this does not provide accurate information, it is a good first test of the correlation. To
display a trendline on a plot on the fluorescence:

1. Plot the fluorescence intensity data on a chart, with the concentration on the x-axis and the fluorescence
intensities on the y-axis.

2. On the plot, highlight the data series of interest and press the right mouse button. This will open a
context-sensitive menu.

3. Select Add Trendline... A dialog box will appear.
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4. In the Type tab, select Linear in the Trend/Regression Type box and press OK. A trendline will appear
on your plot, which is the best-fit line through the data points,
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You can display the equation of the trendline and the correlation coefficient R* on your plot. Once you have
added the trendline,

1. Right-click on the trendline (not on the data points). A context menu will appear.

2. Select Format Trendline... A dialog box will appear.

In the Options tab, check the Display equation on chart and Display R-squared value on chart. Excel
displays R as the correlation coefficient.

4. Click OK, and the equation and R* values. You can see that these are the same as those calculated
previously.
30.0
250 ¥ = 1.8304x + 1.5178

R° = 0.5878

‘escence Intensity
=1 k3
[T =
L=} (=1}

ann

In future sections, we will discuss the meaning of the calibration equation and the correlation coefficient, as
well as how to calculate them and determine the statistical error associated with them.





