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n.1 Maigaaumsauuugy sndangulaely finite difference |
AU INAnguTiaAsR LT 0.1 (nSoaumst 2.2 Tuunmgu
HurRauazNuISeRfeITes) annsolds finite difference tAl&TAMMLA node Tilszoe
iy h aaeag s ududegUi n.1 Weft 1Y imaginary node 38 4 yaritod
9AN30AMUA Boundary Condition Mlmerafunaziueniiy'ld dau sign convention f)

TAuaaslugili n2

® w2
® w1
& t———» >y
T @ | i+2 +8
h \4
- |®|it]
h X
—+ |®]i
-——h ® |i-1 —> >y
! J
— % —> —
.
VvV «—
e ﬂUEJ’JVIEJVIﬁWEJ’m'a'
® -
(IR TN mnas
v e
gﬂﬁ f.1 finite difference notation 31]‘?; .2 Sign Convention
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Taeh

p = soil pressure (= -E;/ y) [F/L]

y = mnsedeusamediudisvesaidy [L]

X = ANANINAIAY (L]

P = Axial load [F]

ElL = Pile Stiffness [F *mz]
E, = Soil Modulus [F/L']

dfmuald R = EL
worwsagiaunsi na ¥ Jye Bifliendifference Tnvorfuaunisuoaniu

(beam formula) fio

...(n.2)
d’y % a0\ 1\
M; =R, d_z i - I‘Yi)"(Yi “Ym)]
...(n.3)

#ﬁg%ﬁ@%{ﬁg”

“gﬁ%“‘

ﬁ%ﬁﬁwﬂwéb'““

=1(Mi-l —Mi __Mi _Mi+l)___1_(M s TR
- i-1

1
h?

R.
[ B (y1-2 -2y, +yl) 2 (yl-x +Yi+1)+ hl;l (Yi =2+ V53 )]



183

4 RiYia +(-2R,, -2R )y, +R;, +
h* 4R + R )y, +C2R; = 2R Wi + RV M
d2
P K = (Y|—1 + yi+1) (ﬂ6)

UnuauMs .2, 1.3, .4, 1.5 waz 0.6 asluaunmsa n.l

1 Ry +(=2R, ;-
h*

Ri¥ia +(2R ;-

+E;h")y; + (2R, - (07

\\\\\

fansunsal Free Tip 18 M,=0,

= [TLE)
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NAUMSA 1.7 N node i=0 (pile tip), Tﬂﬂtﬂlqmﬁ B=R =R, 1

R,y_, +(—4R, +P h?)y_ +(5R, +R, —=2P,h* +E_h*)y, +
(2R, -2R, +P,h*)y, +Ry, =0

1 ;o H 4 @ dq ¥ 1
UNUAT Boundary condition (AUM3 1.8 Uazaumsi n.9), uazweeuiawalvegluglves

Yo =2¥,7boY,
h2 5
R _1 2_ h )y—l +
(R, +R, -2P, h2 R (N P y,+R,y, =0
' S
OY-l 4)yo +
(2R, -2R, +P,

» _(2R, +2R,r§§h2)y1 (R +Ru )Y
_ ﬂwmwmwmm

QW’]Mﬂ‘iﬁu UNIINYAY

Tay ‘?— (2R, +2R, ~ 2B )y, ....(.10)

(R, +R,-2P,h* +E_h*)

(R +R )yz . (N.11)
. °"(R,+R,—2P.h?+E_h")
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weendaaunsi 0.7 Ieglugl

Yi = Y bYin - (0.12)
Talasunngtuundhedn'ld

Yia =a,,Y; = b ¥i4

Yia =@, —bi,y;

£% ‘S’ 9y o i
Ri—l(ai—ZYi-l _bi—ZYi)+(_ o R; +E & +4R; +R,, _2th2 +

Esih4 )y +-2R,; =2R 4

(Ri—lai—z —-2R;, -2R;

Esih4 )Y; +(=2R,; —2R;

(Ri—lai—z 2R, -2R; +PJF ) Kosi” Yiu )+ ( 4R; +R;, —-R; b,
2P,h* + B h*)y; + (2R, - 2R, #Ph)y ,=0
(Riqai,3;, —2R ja; Gt —Ribi, =
2P.h? +Eh*)y, + (RGanbn * b, , —2R. - 2R, +
P h )Y1+l + R|+1y1+2 % rﬁ
A Ik
Fe h (2 a,))y ?]b
Al Anend
"lé’\'anmiagﬂqﬂ ¥, =2y, by, a2 1ay
a, = —(2b R, ~2;,0,R; +2b, R, - 2R, 2R, +th2(1"bi—x )) o (P.13)
5
R,
b, =—4 I GRT))
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¢, =(R_-2a,_ R, -b_,R,_ +a,,a_ R, +4R,-2a,_ R, +R, +

i+l

E.h*-P.h*(2-a,,)) (.15)

1 a o [ 1 Y 1
ADWIND15841 Boundary condition at pile head lagweneuiamenasnaniveglugivesa b,
-} 1 { 1 H
< dudusrieunsamaldnnaunsi n.13 - n.15

1 ° 4 o { o <
1) naumusansgimiedudas () uas Tumudiingesi (M) fifauauds

R, = L N .(n.16)
e (1:17)
fmuald e (1.18)
....(n.19)
....(n.20)
ﬂUEJ'J VIEWITW g1N?
1N T —athH bYu: 3o et e (21)
FWIaNN I mﬂq?"ﬂma d
nnaunsh ha7 g Yea =2Y: + Y =7,
(at—lyt —bt~IYt+l)—2yt +¥a =1,
e I, ‘*'(2_3‘-1 )yt _1,+Gy, (122)

l—bt—l - Gz

fnuald G,=2-a,, e (n23)
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G, =1 ;bt_l .. (N.24)
NTuMsfi 01618 Yo —2Ye0 +2¥ i~ Yoo +E( s — Vi) =Ts
CHR —Pt_zyt)—2y,_1 25 1 = Tisa + BlF ey —Feu) =15

(E+at—2 _2)(at-13't —bt—lYH-l)_bt—ZYt +2¥ 1= Y2 T EYp =75

(at—2at—l —bt—2 +Eat—1 —2a F ED +2bt-—l +2_E)Yt+l Y = J3

fvuald . (.25)

..(P.26)
UNUM

«..(n.27)

& < ,\r :
WIAUMITH 7.22 IUNue

W U] %m
{rrihdnsdisin e d

(Hl.i._}._.,_Hz.(i__t_G y, + E. _.a_t_ _Jz_=J3
b, %@, b,G,
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H1+H2-—G—‘+-—1— 1_.?.& yt=J3+it__J_2_J2H2
\ G, bl G,
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ws (TL28)

....(N.29)

....(0.30)

...(n.31)

‘i e (N32)
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™
. A Y Y
Yoo =—
t+2 bt —_
oundary
Yy =2 @2l 1+ Gy, Condition at Pile
+1 - ondition
® w1 ' 1-b,, G, >
_ 7 +at J_z . Head : Know P,
aiallt 9= ' b,G, G and M,
t H, +H, —q‘—+1—[1 a‘G‘)
2, b _/
S| i
2
b R, +R, )y,
(R, +R, —=2P,h* +E_h*)
© o (2R, +2R, -2P h%)y,
R fFR, —2P,h? +E_h*)
D Ya~ :
® 5, Ya=Yq4 -

Tay ﬂuU’JWEW] 2 %H-{- h’(1-b,,)

- 2b1—1m 1 —a; 2b1 17%i-1 +2b| lRl

ammnituﬂmﬁwmé’ ¢)

b.=-—-—

1
C:

¢, =R, -2a,_ R, -b_R,, +a,,a,_ R +4R; -2a, R, +R +
Esih4 —thz(z"ai_l))
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v o d
N.2 MIMANNGNNUEILHINE I, Bending Moment 422 Axial Load
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P I o o o 9 A A d' o 9 9 1
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w(N.35)

...(1.36)

T LB 1)

k38

...(n.39)

....(N.40)
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dé

e ...(n.41)

X

O | =

Tas ¢ = angle of rotation

NNAUNIN N.40 wazaunsn n.41 Tasdwsueudu 1@ (1d subscript aq'lu# ED)

PP ¢e aneis (ﬂ42)

(n.43)

msﬁmmﬁm%’/ _h nSEuyAm gp HAZTIMIEN
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L= A
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1 1 ar o ‘ [ a
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! . d' o aQ qﬂ:\& o 1 1 5 5
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a0 1 9 o =<
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Relation Between Bending Stiffness and Apply moment
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Taw £ = fmidsdumuisidaggavedneuninginsinszuennasgIu fiog
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E, = lugdatanguvesnounia
£ = A Tugdauan312983ABUNTA (Modulus of Rupture)

o o 3 | Ao = = vy v Ao o
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1.2.2 Tmuuﬁmmuﬁauﬂi ¢aNIsHA (Effective moment of inertia ACICode, 1989)
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f1.3.1 MIAIN node Y04 11/51A5Y
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1.3.2 M3191Uv89 115105898 Sub CrackSectionBEF()
Tilsunsuges Sub CrackSectionBEF() Lﬁudauﬁ‘l‘l’fﬂqyﬁ BEF (lazW91581n11500a4
' -4 = a 3 Y aa . 4 a9 ¥ Y
VoI E I, Y0umIuneunsaasumandu3s iterative laviuusnauydlda E1 veanth
v Ao 1 Yo A o (=1 9 1 < o 9 a
annds LS uusamseds lilimsunndinasasisanuenvesady wazimualdldus
{ o a o P 1 J a 5
20 % YoWIANTINNTEI9599 udaldmaul BEF midmoudslda Tumudinadulue
< [ Y o ° Y ' 5 ° A '
W TS uan EL, tanimssmisidnaus1 E1 Converse 91n1iu Tudunaivinaussdely

] v .
1 40 % Tagldan E L dennduiuds Iddnnanuu@usuiuiaiss 100 %

Tag (El)yos = AR i , mtmwunaumiﬂsummu
mdr‘

B = AURAGUDIA a0k Uy a edunaslSumdonsiw M

AUEL
v o5 A
UONNNIUEINIMUAS 1UMATIN iterative ¢ 1nuﬂmm1nu 4) mﬂm
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Sudu dmualden EJ, = EL w09

uncrack section , Hload =0

o 4 2 4 -
MYUA Hload IWUYUNGAY 20 % U89 Hload 'aawsm“l%'

naaey luauy

Hload = Hload + 0.2 RealHloa
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317 n.10 usasuruamsmauveslisunsuedon Sub CrackSectionBEF()
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1.3.3 eA9 Source Code Y94 11/sUNTUNAEUAIATY Visual Basic 11 Excel (version

office97)

Tﬂmﬂswmwmwm 2158 Input Interface ammuusmmmuwh msldauee

gllmulﬂiﬁ A1 Input 11 Work Sheet 489 Excel (wu Inclinometer Data, Dial Gauge Data, Load,

v
Apply Load Location ({ufiu) uazdeammuasisvesa Eg , manasaeqvedlisunsy, sou

v '
o . . ' a o =] a °o W w o
3 Pile Properties (1¥4 ¥ilauazimiuveunanasuinly, mawallszdsvesnsunianss

nszen, Anueveua iy Hudu) Tu Visual Basic Code (in Excel) Feannsodnlludly

A1a199 14 Tasdne

@113V Source Code 1eq

Option Explicit
' Variable for Sub DimensionAdv
Private EI(-2 To 202) As Doub
Private GEI As Double ' Gross

Private Px As Double ' Pile Axial
Private MomentLoad As Double
Private Aslopelnclino(-2 To 202) AS Dauble ' Slope get from inclinometer

pimesssnege it o bbbl | 7 7 3

Private ti As Integer ' 1“1nomcter top node numbogr

ARSI AN A Y

Private PileLength As Single ' Pile length for program

Private RealPileLength As Single ' Real Pile length in field (include length over GL.)

Private a(-2 To 202) As Double ' Coeff in BEF eqn

Private b(-2 To 202) As Double ' Coeff in BEF eqn

Private ¢(-2 To 202) As Double ' Coeff in BEF eqn

Private Es(-2 To 202) As Double ' Soil Modulus (Modulus of horizontal Subgrade Reaction) Value
Private Ay(-2 To 202) As Double ' Deflection get from theory
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Private AyInclino(-2 To 202) As Double ' Deflection that get from inclinometer
Private Am(-2 To 202) As Double ' Moment get from theory

Private Av(-2 To 202) As Double ' Shear get from theory

Private Aslope(-2 To 202) As Double ' Slope get from theory

Private Ap(-2 To 202) As Double ' Soil Resistance at pile side get from theory
Private AddPointP ' Among of Additional Program Point(or Node) that Above GL.
Private ApplyHLoadPosition As Double

' Variable for Sub Re()

Private AngleofRotation As Single

Wy,
’ ain urve

Private NAxx As Double ' (Dummy)} / s of Section for Subrou unction in program

Private Strainx As Single

Private Strain0 As Single ' Mean Stain0 in Stres

Private NAx As Double ' Neutral Axis.of

Private RcEI(1 To 5, 0 To 500)As Single '

Private moment(1 To 5, 0 To 500)'As Single" Mo

“ _ b (=58
Private Moment! As Single ' Moment of Se néi' ‘ Calculated onl; m Concrete

Private moment2 As Single ' Moment of Sg méﬂ “alculated o rom Steel bar
3 . % 8
Private jIndex As Integer

L

Private Lastj(1 To 5) As Integer ' Last j = j that make ma ection (Concrete Strain = 0.003)

J’ﬁ’?—‘ y |
Private PileDia As Single ' Pile Diamete -s-,’?" ‘:’.} z o

Private SteelNum(1 To 5) As.Single ' Total Steel bar usin: —_— ‘
§— : Y}

Private Asteel As Single ' Area ¢f'S

Private UltFc As Double ' Ulti ‘Strength of concrete inder) m

Private Fr As Single ' Modulus of prm of Concrete

ﬁ%%%ﬂ HNINYINT
Al

Private Esteel As Smgleﬂdodulus of Elasticity of éteel

M SN AL
Private xSteel(1.To 50) A mle (Origin AXis at center of pile section)

Private ySteel(1 To 50) As Single ' y-coordinate of steel bar

Private SectionStep As Integer ' A number for devide Pile Section
Private PileSectionStepHigh As Single ' Hight of devided Pile Section
Private PileSectionWidth As Single ' A width of devided Pile Section
Private Fsteel(1 To 50) As Single ' Stress in Steel Bar

Private Fc(1 To 50) As Single ' Concrete Stress

Private CalPart As Integer
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Private strainR As Single ' Strain at bottom fiber that make concrete at bottom fiber = Fr
Private strainBott As Single ' Strain at bottom fiber of Section

Private SteelCageRange As Integer

Private SteelCageLength(1 To 5) As Single

Private p As Integer

'&Back Analysis Program for Find Es by know Testing data ie. Inclinometer or DialGauge &This Program
'based on Beam on Elastic Foundation Theory (BEF)& using finite different to solve differntial eqn., Its will

'find Es that Good Fit between Slope-inclino and EFpredicted OR can find Es good fit between y-dial

'gauge only at pile head and y-BEFpredicte

"####This Program will Find Dimensio in 1-la ig form Es=kx”n ( n is user guess)###

'Note: 1) GL. in this program may be means ihai ff Level or testing

will use linear interpolate From

2) user can input unequal spagé'of i
' BEF result to compare with measured'da

! 3) user should carefully ifiput ocram will set "User Zero Level" at Pile

' Cut of Level or GL. of Testing Pi

uge Measure Point and ... must refer that

t

' Reference...

- of F }I
%“E-'f;
y
! 4) This Program using Gauss E inat'yﬁ\’;@‘l Ve
#

o

4
01 Vi
=

S at will limit Total of Equation or Number
i

' of node to approx. 200 for numerical acc :-,- o

# 0

Private Sub DimensionAdvEssger()

oGS G H TN

Dim sum As Double

S AEIANNIN UM INYA Y

Dim k As Single ' Constant k in Es=Kx”n

Dim ExpnAns As Single ' Answer-exponent in Es=Kx”n

Dim kAns As Single ' Answer-constant k in Es=Kx”n

bim Checker As Double

Dim Choice As Integer

Dim ExtraChoice As Integer

Dim CounterxciLessO As Integer ' Among of Measured inclino data that above GL.and Below Load applly
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Dim TotalCounterxciLess0 As Integer ' Total among of Measured inclino data that above GL.(xci data have -
sign)

Dim m As Double ' Slope of line that using in interpolate

Dim Interpolated As Double ' interpolate value

Dim CoordinateConvert As Double ' Value that convert Measured Coordinate and Program Coordinate

Dim NotUselnclinoData As Double ' Some inclino data that above load apply will not using

' ##User constant Define##

' Note that:at Es Seeker section User must deﬁngd ang

should choose t = 76 [38/0.5]and

' ti =49 [24.5/0.5] to keep node spacing 0.5m ” p .. eram spacing "h" -- program will using
e ——

h =0.25" User spec program spacin
ti =49 ' Top ncde of inclino data me ed(! 1 ! tal inclino data mesured - 1
tPlot =76 ' Plot data, Default i
RealPileLength = 38.1

' Note that: This optio  good s =k should turn off this option)

' ::choose 1 means this option,; choose 0 mean turn off this.¢

ApplyHLoadPosition = Range("D6"). Valu

ﬂumwﬂmwmm
mléi\“lm m;m 1INY1A Y

PileLength = Fix((RealPileLength - Abs(ApplyHLoadPosition)) / h) * h + Abs(ApplyHLoadPosition)
[ ApplyHLoadPosition / h - Int(ApplyHLoadPosition / h) = 0 Then

AddPointP = Fix(Abs(ApplyHLoadPosition) / h + 0) ' if apply load point at the same node in
Else ' program, +0

AddPointP = Fix(Abs(ApplyHLoadPosition) / h + 1) ' mean that Round number down and +1=Round
EndIf 'up Number
t = Fix(PileLength / h) + AddPointP ' Get top node value for Program
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CoordinateConvert = AddPointP * h

CallRC

" get slope-inclino data from excel (Node Number arrange from bottom {node 0} to top {node ti})
Counterxciless0 =0
TotalCounterxciLess0 = 0

Fori=0Toti

locatey = "A" & (i + 13)
xci(ti - i) = Range(locatey).Value
If xci(ti - i) <0 And Abs(xci(ti =i)).<

L@nen ' Means that above

CounterxciLess0 = Counterxcil g an "--- ow Apply point load
End If _
If xci(ti - i) < 0 Then ' Means

TotalCounterxciLess0 =

End If

' get slope from inclinometer
locatey = "L" & (i + 13)
Aslopelnclino(ti - i) = Range(locatey). Vahus

Next i ‘
NotUselnclinoData = TotalC y.m"‘w"::—?; ) - Counterxeiles 9" some inclingdaa will not use if they
Fori=0Tot ’-._:'---
xcp() =h* (¢ - i) ]
Next i

ﬂﬁﬁl?ﬂﬂﬂiwmﬂ‘i

'##Main Part that eek Optimum Es(i)## ¢
=D IUANINGAY
For Expn =00 2 Step 0.5 ' ## USER Choose Range
For k=200 To 1500 Step 5 ' ## USER Choose Range k ##
Fori=0 To t - AddPointP
Es(i) =k * (xcp(i) - CoordinateConvert) ~ Expn ' Es for Program Calculation, Es above Ground

Next i ‘level =0

Call CrackSectionBEF
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sum=0
sum2 =0

Select Case Choice

Case 1 'fit with slope-inclino
For j=0 To ti - NotUselnclinoData
Fora=j To t'For faster calculatioh, Run from j to t (Still correct if "h" is less than
" inclinometer measured data spacing)

If xcp(a) - (xci(j) + CoordinateConve

m = (Aslope(a - 1) - Aslope
Interpolated = m * (xgi(j) nateConve 1 a) - m * xcp(a)
sum=sum+(lnteip(')a'1 nelnglino(j)) .
Exit For
End If
Nexta
Next j
If sum < Checker Then
Checker = sum '
ExpnAns = Expn
kAns=k
End If
i

Case 2 ' Fit with pile

| Tl
Fora=1tTo 0 Step -1 ! s
If xcp(a) - (A plyHLo‘Pﬂnon + CoordinateConvert) >= 0 Then

~-of e VUV T WEN 3

sum = ( * (CoordinateConvert + ApplyHLoadPosxtlon) + Ay(a) - m * xcp(a) Abs(Range

o AN IR ANAIDHIAL....

End If ' apply load) in mm

Next a

If ExtraChoice = 0 Then ' ExtraChoice turn off
If sum < Checker Then
Checker = sum

ExpnAns = Expn
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kAns=k
End If
Else ' ExtraChoice turn on (Proper only for Es=kx"n or Es = k0+k1*x+k2*x"2 case)
For j =0 To ti - NotUselnclinoData
Fora=jTot
If xcp(a) - (xci(j) + CoordinateConvert) < 0 Then
m = (Aslope(a - 1) - Aslope(a)) / h
Interpolated = m * (xci(j) + CoordinateConvert) + Aslope(a) - m * xcp(a)

Exit For
End If
Next a

Next j

End If
End Select

Next k

Next Expn

AUYANYNTNYNS

' Optimum Es Value to m[nclmo Or Es-Answer ar& store to es(i)

RN I INGAE

Next i

! ##tprint output to excel##

' to get final answer, we must calculate again

Call CrackSectionBEF
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Fori=0Tot

Av(i) = (Am(i - 1) - Am(i + 1)) / (2 * h) ' or AV()=EI(i) * (Ay(i-2) -2 * Ay(i- 1) +2 * Ay(i + 1) - Ay(i +
2))/(2*h~3)+Px * (Ay(t- 1)- Ay(t+ 1))/ (2 * h)

Ap(i) = -Es(i) * Ay(i) ' or Ap(i)=EI * (Ay(i-2)-4 * Ay(i- )+ 6 * Ay(i) -4 * Ay(i+ 1)+ Ay(i+2)) / (h ~
4)

Next i

' Interpolate Program result to specific depth of inclir

For j =0 To tPlot - NotUselnclinoData
Fora=tTo 0 Step -1

locatey = "A" & (13 + j + NotUs ‘

sum = Range(locatey).Value + Cag o measured data that

If xcp(a) - (sum) >= 0 Then

locatey = "Z" & (13 +j +
m=(Ay(a) - Ay(a+1))/h
Range(locatey) = (m * sum + A 1000 for change mm to m
locatey = "AA" & (13 + j + NotUselng! ’

m=(Es(a)-Es(a+1))/h _
Range(locatey) = m * com+ Es(a) - m * xcp(a) .

y;

locatey = "AB" & (13 + jﬂiotUselnc inoData
m = (Aslope(a) - Aslope(a +))sh

rostmfBp U a}m WeNT
“ﬁmmﬂﬁmmwmaﬂ

Range(locatey) = (m * sum + Am(a) - m * xcp(a))
locatey = "AH" & (13 + j + NotUselnclinoData)
m=(Av(a) - Av(a+ 1)) /h

Range(locatey) = (m * sum + Av(a) - m * xcp(a))

locatey = "AJ" & (13 + j + NotUselnclinoData)
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m=(EI(a)-El(a+1))/h

Rangc(locatey) = (m * sum + El(a) - m * xcp(a))

Exit For
End If
Nexta

Next j

" Interpolate Program result to get pile head deflection (at DialGauge measured point)

Fora=1tTo 0 Step -1

Exit For
End If

Next a

' show value at GL. (or CutOff Level) 7 -

T
Range("Z12").Value = Ay(t - AddPointP) * 106 ly ) for chang m to mm
ik .
Range("AA12").Value = Es(t - AddPointF ﬁ! @ , &
Range("AB12").Value = Aslopei=AddRoiatl) \-.‘
LY A
Range("AG12").Value = Am(t - |"' :
Range("AH12").Value = Av(t - AddPointP) .
Range("AI12").Value

e B INEN NN
s @ R4 1)1 91177918 8

Range("AA3"){Value = kAns
Range("AA6").Value = ExpnAns

If Choice = 1 Then

Range("AA2").Value = " Fit Inclinometer (Slope) "
Elself ExtraChoice = 1 Then

Range("AA2").Value = " Fit DialGauge+-0.05mm "
Else
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Range("AA2").Value = " Fit DialGauge "
End If

' Sqdev Output

sum=10

sum2 =0

For j =0 To ti - NotUseInclinoData
locatey = "AB" & (13 + j + NotUselnclinoData)
locatey2 = "L" & (13 + j + NotUselnclinoData

sum = sum + (Range(locatey). Value - Rangéf

locatey = "N" & (13 +j + NotUse

locatey2 = "Z" & (13 +j + NotU

sum2 = sum2 + (Range(locatey).
Next j
Range("AB7").Value = sum
Range("AA7").Value = sum2
For i=0 To tPlot ' Soil reaction "p" will interpolate them
locatey = "Z" & (13 +1i)
sum = Range(locatey).Value / 1000.'c ‘
locatey = "AA" & (13 +1) -.- - f‘:‘
sum2 = Range(locatey). Value — | : -
locatey = "AI" & (13 +1) 4 ' s

- HUEITN NN
R HAREAFHULNIINA Y

End Sub

Sub CrackSectionBEF() .
' Iterative Process to find EI of Crack Section (EI of Crack Section vs. Moment Relation Get From Sub RC()

Dim i As Integer: Dim j As Integer: Dim a As Integer: Dim k As Integer



Dim m As Double ' slope of linear line that using in interpolate
Dim Interpolated As Double ' interpolate value

Dim Minlter As Integer ' Maximum of Iterative

Dim Iter As Integer

Dim LoadLooper As Integer

Dim sum As Single

Dim ElavNew As Single

Dim ElavOld As Single

Dim Elerror As Single

Minlter =4
Hload =0

For LoadLooper=1To 5
Hload = Hload + 0.2 * RealHlo: mcrease load

MomentLoad = -Hload * (A i noment due to move load)

EI(i) = ReEI(p, 0) 'First No ’9’ \dut

' alway move RealH]I

If LoadLooper = 1 Then
Fori=0Tot

For p=1 To SteelCageRange

If i * h <= SteelCageLength(p

Exit For -
\™F 1
End If v—' -
Next p E

Next i

e AUYININTNYINT

EI(-1) = EI(0): EI(-Z,L EI(0): EI(t + 1) = EI(t): ‘El(t+2) EI(t)

jﬁ’la\iﬂimﬁﬂﬂﬂﬁﬂaﬂ

Do Until Iter > Minlter And Elerror < 0.01 ' Normally (From massive run this program) found that

Iter = 0: EI
ElavOld = ElavNew ' after adjust EI (decrease) in first iter, Moment in pile in 2nd iter will decrease,
Iter=1Iter + 1 ' thus another follow iter will get the same EI as First Iter

EI(-1) = EI(0): EI(-2) = EI(0): EI(t + 1) = EI(t): EI(t + 2) = EI(t)

Call GenCoeff

213
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Fori=1tTo 0 Step -1' Start interpolate for every node i
For p =1 To SteelCageRange ' Check node position is in which SteelCageLength
Ifi * h <= SteelCageLength(p) Then
Exit For
End If
Next p

Fora=1To Lastj(p) ' "a" index represent point for M&EI curve for compare with node i

If Abs(Am(i)) - Abs(moment(p, a)) <= 0.1 ; ote: Negative moment value in Lateral pile (in this

If (moment(p, a- 1) - m;>m (D))~ T 3 Flat Graph in Sub Rc will Bug

m=(RcEI(p,a-1)- a)) [(mon '\ D, a))

_,\

, lation get Am.. then adjust EI

Else
Interpolated = RcE
End If

If Interpolated < EI(i)

EI(i) = Interpolated should have value smaller, not greater
End If :
Exit For —— ")

Yo )

1l
Elself Abs(Am(i)) - Abmmmem(p, Lastj(p))) > 0 Then ' Mean A ';‘-'J 1t Moment resistance
EI(i) =RcE ﬁ Last_](p)f #40f pile section

i By mjmwomm
E“‘ﬂW’la\ﬂﬂ‘iﬁu WISy

Next a

Next i

sum = 0 ' calculate EI av for Iterative Check
Fork=0Tot
sum = sum + EI(j)

Next k
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ElavNew = sum / t

Elerror = Abs(ElavNew - ElavOld) / ElavOld

Loop
Next LoadLooper

Call GenCoeff

End Sub

Sub GenCoeff()
‘## More Detail see Generalized So

\“‘M. Matlock and L.C. Reese
'J. of soil mech and Foun Div,ASCE \\
Dim i As Integer: Dim j As Inte: \
Dim G1 As Double
Dim G2 As Double
Dim H1 As Double
Dim H2 As Double
Dim J2 As Double
Dim J3 As Double o

-v;-

Dim E As Double

| ﬁﬁw BT ?ff‘f I

3?33-7w'1mnitu U INYNY

a(0)=(2“EI(0)+2*EI(1)-2*Px*h*h)/(EI(0)+EI(1)-2*Px*h*h+Es(0)*h"4)
b(0) = (EI(0) + EI(1)) / (EI(0) + EI(1) -2 * Px * h * h + Es(0) * h ~ 4)

Fori=1Tot
c(i)=(EI(i-1)-2*a(i-1)*EI(i-1)-b(i-2)*EI(i-1)+a(i-2)*a(i-1)*EI(i-l)f+4*BI(i)-2*a(i
-1 *EIG)+EIi+1)+Es)*h~4-Px*h*h*(2-a(i- 1))
b(i) = EI(i + 1) / c(i)
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a(i)=(-2*b(i- 1) * EIG- 1)+a(i-2) * b(i - 1) * EIG- 1)~ 2* b(i - 1) * EI() + 2 * EI@) + 2 * EIG+ 1) -
Px*h*h* (1 - b(i- 1)) / c(i) |

Next i

J2 = MomentLoad * (h ~ 2) / EI(t)
J3 =2 * Hload * (h~3)/EI(t)
E=Px*h*h/EI(t)
Hi=-2*a(t-1)+E*a(t-1)-b(t-2)+a(t-1) *a(t-2)
H2=-a(t-2) * b(t- 1) +2* b(t- 1)+ 2 - E * (I

Gl=2-a(t-1)
G2=1-b(t-1)

Ay(t)=(J3 +a(t)*J2/(b(t)M iy ((HL+ GI* \ 1-a(t) * G1/G2)/b(1)

‘Back Substitue

Fori=t-1To-1 Step -1
Ay()=a(i) * Ay(i +1) - b(i) * Ay(i +

Nexti

Ay(-2)=Ay(2)-(2-Px*h*h/

' compute As, Am -

Fori=-1Tot+1

J J
oo W NERINYNS

Next i ¢

. AMIRNIUNRINYINE

End S

Private Sub ErrorCheck()

' Check Error By substitue Ay that already solve, in Original Finite Diff Eqn. and sum them.
Dim sum As Double

Dim i As Integer



sum =0

Fori=0Tot
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sum=sum + EI(i- 1) * Ay(i - 2) + (-2 * EI(i - 1) - 2 * EI(i) + Px * h * h) * Ay(i - 1)+ (EI(i - 1) + 4 * EI(i)
+EI(i+1)-2*Px *h* h+Es(i) *h A 4) * Ay(i) + (-2 * EI(i)) - 2 * EIi+ 1)+ Px *h * h) * Ay(i + 1) + EI(i +

1) * Ay(i +2)

Next i

' Check Numerical Eror

If sum > 0.0000000001 Then AL /
MsgBox "Sum of error in each eqn exceed Prog am i @"L&ge Numerical Error"

End
End If

End Sub

Private Sub RC()
' Input in SI Unit: KN, m
' Output in SI Unit, but this Program will noment and EI

' This Subroutine can only ;2 with Px = 0 onls -
A
1]
Dim CoveringToCen(1 To 5) As Single ' Concrete Covering to Center of Reinforcement

Dim SteelBarDia(1 To 5) As Single§’ &,

P ﬁ%ﬁ@% EJ‘ NINYINT

Dim locatey As Strmg

e NN I AN

Dim Ma As Single ' Apply Moment
Dim ig As Single ' Moment of inertia of gross concrete section, neglect reinforcement

Dim icr As Single ' Moment of inertia of crack section

SteelCageRange = 3
Px=0
PileDia= 1.5
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SectionStep = 25
UltFc =37.67 * 1000
Fy =490500

Esteel = 200000000

SteelBarDia(1) =40 * 10 ~-3
SteelNum(1) =0
SteelCageLength(1) = 14
CoveringToCen(1)=0

SteelBarDia(2) =32 * 10+ -3
SteelNum(2) = 21 :
SteelCageLength(2) = 12+ 14
CoveringToCen(2) = 0.075 + 16 M
SteelBarDia(3) = 40 * 10 A -3

SteelNum(3) = 21 )

SteelCageLength(3) = 12 + 14 +
CoveringToCen(3) =0.075 +20 *

* for addpointp, we should specify EI for s6:5y us g ageRange (show benefit in Sub
' CrackSectionBEF())

SteelCageLength(SteelCageRange) = e) + AddPointP * h

(77 Y]
For p=1 To SteelCageRange - f"
7 -
'##Initailize Program Constant ‘o ‘ g
s Fod B2 I NI WHING
U

eG4 1) S0 ANV A 8

Fr=19.7 * (UfFc) A 0.5

Ec = 151000 * (UltFc) ~ 0.5

Strain0 = 1.8 * 0.85 * UltFc / Ec

Asteel = 3.14159265358979 * (SteelBarDia(p) # 2) / 4

'locate location of steel in pile

If SteelNum(p) <> 0 Then
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Beta = 3.14159265358979 * 2 / SteelNum(p)
Fori=1 To SteelNum(p)
xSteel(i) = (PileDia / 2 - CoveringToCen(p)) * Cos(Beta * (i - 1))
ySteel(i) = (PileDia / 2 - CoveringToCen(p)) * Sin(Beta * (i - 1))
Next i

End If
strainR = -Fr/ Ec
CalPart =1

j=0

j=i+1

strainBott = i * strainR / 20

Next i

Lastj(p) = j ' Special setting for case no reitifor Gmen

If SteelNum(p) < 0 Then
j=j-1

corm- ﬂuEI’JVIEI'VﬁWEI’]ﬂ‘i

For jIndex =2 To 6000

J Jﬂammnimumwmaﬂ

strainBott 1

Cuil Bisection ' Using Bisection Technic to get NAx. of Section

Call CalMoment ' Calculate Moment of Section

If AngleofRotation * (PileDia / 2 - NAx) >= 0.003 Then ' Limit concrete strain=0.003=Ultimate
Lastj(p)=j-1 ! Stage of Section

Exit For



End If

moment(p, j) = (Moment1 + moment2)
RCcEI(p, j) = moment(p, j) / AngleofRotation
If jIndex >= 6000 Then
Stop
End If' Not Reach Ultimate, Program should stop
Next jIndex
End If

moment(p, 0) = 0: RcEI(p, 0) = RcEl(p, 1) .

j=0
If Px =0 And SteelNum(p) <0 T

Mer = Fr * ig / (PileDia / 2)
icr = RcEI(p, Lastj(p)) / Ec
Fori=1 To Lastj(p)
j=i+1
Ma = moment(p, j)
If Ma > Mcr Then
RCEI(p, j) = Ec * (ig *(Mcr/ Ma) A3+ (1 - (M- Ma}?
End If -
. C oM
RcEI(p, j) = ReEI(p, j) / 9.81
moment(p,

o AR AINEN NGNS

Else ¢

- RRAINTUNNIINYIAY

ReEI(p, j) = ReEI(p, j) / 9.81
moment(p, j) = moment(p, j) / 9.81
Next i

End If

' Fixing Moment, that moment should constant or increase with increase Angle of Rotation

j=0

220
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For i= 1 To Lastj(p)

J=1%1

If moment(p, j + 1) < moment(p, j) And Px =0 Then
moment(p, j + 1) = moment(p, j)
ReEI(p, j + 1) = ReEI(p, j)

Elself moment(p, j + 1) < moment(p, j) And Px < 0 Then
moment(p, j + 1) = moment(p, j) |

End If

Next i

ReEI(p, 0) = ReEl(p, 0) /9.81 AN

j=0"Also Fix bug in case of RcEI should Deerease wil h increas c.Angle of Rotation
For i = 1 To Lastj(p) : \

j=j+1

If ReEl(p, j) < ReEl(p, j + 1) A
moment(p, j) = moment(p, j
RcEI(p, j) =RcEI(p,j- 1) V

End If

Next i

'‘Output to excel

§=0

Y

'For jIndex = 0 To Lastj(p) vf‘
| il
1 j =j + l 'l JI.H |
' locatey ="A" & (10

wmwﬁw'awamw JINT

‘locatey ="B" & (10

Néﬁiflmﬁmﬂim UN1INYIAY

Next p
End Sub

Function FindEqulibrium(NAxx As Single) As Double
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Dim sumRc As Single

Dim sumConcreteForce As Single
Dim sumSteelForce As Single
Dim DistFromNAx As Single

Dim i As Integer: Dim j As Integer

NAx = NAxx
Fori=1 To SectionStep: Fc(i) = 0: Next i ' Cl

sumConcreteForce = 0

sumRc = -PileSectionStepHigh /2,‘
Fori=1 To SectionStep /
sumRc = sumRc + (PileSectio i gei .efer From Top of Pile Section
DistFromNAx = (PileDia Axis, (First term is convert
‘coordinate to global),
AngleofRotation = Abs(strai
Strainx = AngleofRotation * DisgFroy
Fc(i) = FcFunc(Strainx)
If Fe(i) < 0 And CalPart =2 Then'
Fe(i)=0

End If
PileSectionWidth = 2 * (¢ :i‘
)

reteForce + Fc(1) * PileSectionWidth * 5 eSectionStepHigh

ﬂ‘IJEl'WIEWl‘JWEﬂﬂ‘i

sumSteelForce = 0

oL vin 0 SNIUARINAY

Strainx = AngleofRotation * DistFromNAx

sumConcreteForce = sum

Next i

Fsteel(i) = (Esteel * Strainx)
If Abs(Fsteel(i)) > Fy Then
Fsteel(i) = Fy * (Fsteel(i) / Abs(Fsteel(i))) ' Last term will show sign of Fsteel
End If
sumSteelForce = sumSteelForce + Fsteel(i) * Asteel

Next i



FindEqulibrium = -Px + sumConcreteForce + sumSteelForce

End Function

Sub CalMoment()

Dim sumRc As Single
Dim DistFromNAx As Single
Dim i As Integer

Momentl =0
moment2 =0
sumRc = -PileSectionStepHi

Fori= 1 To SectionStep

sumRc = sumRc + PileSectionStepHi vetc o ice,Refer From Top of Pile Section

DistFromNAx = (PileDia / 2 - su N oohvert at NA Axis, (First term is
‘convert coordinate to global) A .
PileSectionWidth = 2 * ((PileDia /2) (it 0.5
Moment] = Mome. *1 + Fo ,..........m#r';r:::::mmm._.::..m “DistFromNAx
Next i s |

Moment1 = Momentl + P / NAx

BN ANYNTNYNS

moment2 = momena‘L Fsteel(i) * Asteel * DistFromNAx

= RIANN TN UNIINYAY

End Sub

Function FcFunc(Strainx As Single) As Double

If Strainx <= Strain0 And Strainx > 0 Then

223



FcFunc = 0.85 * UltFc * (2 * Strainx / Strain0 - (Strainx / Strain0) * 2)
Elself Strainx > Strain0 And Strainx > 0 Then

FcFunc = 0.1275 * UltFc * (Strainx - Strain0) / (Strain0 - 0.0038) + 0.85 * UltFc
Else

FcFunc = Ec * Strainx

End If

End Function

Private Sub Bisection()

Dim XR As Single
Dim XL As Single
Dim XU As Single
Dim ErrorA As Double
Dim ErrorS As Double
Dim Test As Double
Dim XROId As Double

XL = -PileDia /2.1
XU = PileDia /2.1 i

F
ErrorS = 0.00001 i!
ErrorA=1

e AUHININTNYINS
AN TN INYA Y

XR=(XL+
If XL + XU <> 0 Then

ErrorA = Abs((XR - XROId) / (XR))
End If
Test = FindEqulibrium(XL) * FindEqulibrium(XR)
If Test =0 Then

ErrorA=0
Elself Test < 0 Then XU = XR

224
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Elself Test > 0 Then XL = XR
End If

XROIld = XR
Loop

End Sub

AULINENINYINT
ARIANTAUNNING1AY
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MANUIN Y.
S18azEAYIRe19M511n5 I Es / Su avg vs. Pile Head Deflection / Pile
. W v a ¢ o Y 5 a [V 0
Diameter ﬁ"lmnﬂmsamswnnau"hﬂmmaammmt’nwummsmmnsz‘m‘ma
Y Y
ATHUN

%’agaﬁ‘h’s’é’nﬁq‘lumsuamﬁ'wtinmsﬁmsM“luiﬂﬁ 467 (391 Eg = k) Tldaw

" i‘

dmsumsiindo sl alSiiine s Davisson and Gill, 1963 (N3l Eg = k) Aagin

v '
1 gadelddenlddoyalnsensi 1 (ﬂam W R1 «mmrauaﬂa Pile Diameter (D) =

1.5 m, Pile Length (L) = 46.1 m, Gros +m? (19 1,= ©D Y64 vudodumsm

1 E,l, Taghifiledunanes ft-Mechum clay lugaennudn

8D UAUNINY 2.51 ton/m’

D

27 uagldvniiinesi Idnnats e ot e datun sl 4s7 Tasmsmuameisuield

1) Susenszimedudiiity Qe i1 Pile Head Deflection (Y1)
‘1uﬂsmuﬁuuim~mw 1 s&i@}iﬁ— | \ oulagezdnsauyAnl YuD

fimens 9 ae M YuD 1 1dmuyien i
Yt 'n'lﬁ'mnms‘hmsﬁ'lmmmmﬁa naasse i faiuflgsududeainms Trail Eror

o

gy’

9
ﬂ‘lJEJ’J‘VIEJVlﬁWEJ’]ﬂ’ﬁ
ammnim UA1ANYAY
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M3 v.1 weasmamsanoalaelfinsalinaves (Davisson and Gill, 1963) lagly

] ! ¢ o
msiines E, nnnamnldonmsiimnzvinduvesdise nsdlusansziimaedindia 35 ton

Lateral Load 35 Ton
YUD(%) | k/Su'ldon | k(tow/m) R imax | v, 4| Y@ |YvD®%)
Guess | qUii417 [(Column2* suavg)| (E1/100025) | (WR) [vingahil| (Qu,RVEL) | obiain
31
0.1 1239.7 3111.6 3.93 11.73 1.42 0.004062 0.27
0.25 753.1 1890.2 4.45 10.35 1.42 0.005904 0.39
0.5 5165 1.42 0.007834 0.52
1 3543 142 | 0010394 | 069
Result

Measured Yt 6.17

Es from Back 1655

Analysis
Predict Yt 7.8
Predict Es 1296.4

[ e 'J -
MINN V.2 waawamsmurala %’vlﬁﬁfﬁ and Gill, 1963) Taellywin

298 AFRTINTZINMIR 4L 45 ton

Lateral Load 45 Ton » TN
YUD(%) | k/suldun |- TIYM Wl vtm |yvp®)
Guess zﬂﬁ 4.17 innzﬂﬁ (Qy,.,R’/ EPIP) obtain
2:0
; A ‘ 0.0100719 0.67
0.5 lLF( q f\ q‘Z
0.7 75 'h] Ho i 192 0.0112099 0.75
0.8 6’5' 0.79
1.0 4.3 0.87
b |
Result
Measured Yt 9.18 mm
Es from Back 1375 ton/m”2
Analysis
Predict Yt 11.88 mm
Predict Es 1039.8 ton/m"2
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T 2 d 1
Ml v3 usawamainaaladlisnsdliaia Tadldwniines £, nnnsmliildanms

a d @ A o ) o Vv v
mmwnnameagnﬂ NIVUUIINITEMNINATUUN 55 ton

IH' ° ) YV +
MINN V4 UAANANM IATUIU] L% o

o

5 | ¢
fned E; mnnsmlitldninmsinnss

o
AT R

s
s
Vs
3
—

i

Lateral Load 55 Ton
YUD(%) | k/Su lAan k (ton/m’) R Imax | Y, 14| Yt |YvD(%)
Guess iﬂﬁ 4.17 |(Column 2 * Su avg)| ((E pIp/k)"O.ZS) (L/R) %1ﬂ§ﬂ°7i (leqRJ/ Eplp) obtain
2.7
0.25 753.1 1890.2 4.45 10.35 1.42 0.009278 0.62
0.5 516.5 1.42 0.01231 0.82
1 3543 1.42 0.016334 1.09
LS 313.8 1.42 0.030489 2.03
Result
Measured Yt 17.28
Es from Back 820
Analysis
Predict Yt 16.3
Predict Es 889.2

Lateral Load 65 Ton g i - . )
YUD(%) | k/Su'lden | 0 » | Ytm) |YUD(%)
Guess Wna7 (u@ 1n31#1| (Qy,RVEL)| obtain
1.00 : '4u? 2 0.0193034] 129
1.40 .ﬂS.O 740.4 5.6 82| 1.42 r 0.0221439 1.48
1.58] 1 ; T T 229609 1.53
T 8
L.60|q 274. 688.6 ST 8.0| 1.42 0.0233838 1.56
Result
1
Measured Yt 26.66 mm
Es from Back 660 ton/m”2
Analysis
Predict Yt 22.96 mm
Predict Es 705.5 ton/m”2
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4’ o YV yaa ' . Y
MINN U5 sanavamsnInlaelinsdliaves (Davisson and Gill, 1963) Tagldmn

J ! < o
o3 £, mnnamildonmsSimnevinduvesdide nadiusanszimadindia 70 ton

(EL/KN0.25 wag 1, =

1 < a a Y
ANNNUANINHIAU) ulﬂﬂ’l

iera 1y Coloumn 7ﬂ
'lﬁ’{mmnﬂmqy

=7.8 mm

L/R i

t/D 'nfm:miu Colo

eI

YtD 'Vlﬂlluﬁ

MU

nﬂﬂﬂmﬂmﬂum Yt/D obtain 1u

Lateral Load 70 Ton
YUD(%) | k/Su ld9n K (ton/m’) R max | Y 14| yvt@) |YuD()
Guess zﬂﬁ 4.17 |(Column 2 * Su avg)| ((E J1/K)"0.25) | (LR) mngﬂ‘?i (Q)’.qR3/ E,l)| obtain
2.7
1.40 295.0 740.4 5.6 8.2 1.42 0.0238473 1.59
1.50 284.1 713.2 547 8.1 1.42 0.0245281 1.64
1.73 262.9 659. 9\;‘ | 8.0 1.42 0.0259981 1.73
1.80 2573 m 1.42 0.0264223 1.76
—— :
Result —
Measured Yt 28.58
Es from Back 650
Analysis
Predict Yt 25.99
Predict Es

muaﬂﬂu Coloumn 6 19zNgAT Yt = Qy, R/ EL 'lﬂm Yt

tain 114 Coloumn 8

A 1
cmna'nm

5 ton 1NA Yt

HAZATNAIUANVOINTIN V.1 — 1.5 WLUAAY Result 1a8 Measured Yt AT Pile

[ . ' 1 9
Head Deflection 1 a9 1nnan1snageuluaiu, Es from Back Analysis fiofi E; i 1d91na1s1e
{ & a ¢ @ 1 % .
7l 4.1 duiuranislinsindudie T sunsuvesd3se, dau Predict Yt uaz Predict Eg (i

Result 1114910013 Trial error Y89M15 198 IUUY
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a fa { ° =]
Tagwamsinszrauaaslumsie v.1 — 4.7 Th lundealunsl Apply Load vs.
. . o & ll H
Pile Head Deflection tgufunamsnaaey luauu uidaseglugui 4.70
o w 1 4 o { o o o
2) MINSINAMMISIAADUAINIIA LT N AT UTN (YD) AU 6.17 mm, 17.28 mm
ABIMINTILAWITINTEIINIATUINS
o [ = dy o 1 9 ] 1 9 1 A 19 = 5
dmiulunsaiiimssannuoudiaiioniludeusn nanfelidsslins Trail Eror

(. £ O’I’ ' ' ~ aad o
usodhale Feduneuiifiossiue k/su avg 1131 4.67 uda 1dmsa 3Tdnez lddnou

! ° a é "
M319N 0.6 m;mmfnmﬁﬂ1u'at:miﬂafl'a’;'a‘s.~~ l¥mndimes E; annswlilaainms

a d @ ya o A o Y d'u < Y o U
AATICHNAVVIIHIVY  AIUMT 1!1»11111’]!@’1!‘llllllﬁ_?lﬂ]ﬂ’)ﬂ!ﬂ'lﬂ'|

Lateral load 'ﬁﬁ’ma YN

Yt YvD | k/Su'ldan ) Y, 1don Q (ton)
@ | oo | e i [(Ye=QyRYE])
27
61763 | 041 | 5744 142 29.85
9.18E-03| 061 | 4627 142 37.77
172883 | 115 328 142 54.92
26702 178 | 259.1 142 71.00
286E-02| 191 | 2495 142 73.98
£
ninessdi 4.18 Y Iddmsdimon umn gATMEAINTAN Q

| . |
IAnneums Ye=Qy, R f

y
P
Taowams 1@3\1 QRN WIEI a}i 19 9.6 Column 1 (fin
910 LateralLoadu@qQ, ‘,5 63?17£]:ﬁ1f oL ?';11 3msﬁ1mm1ummﬁ
9.6 Column 8 95WYUF] 35, 45 ton A3 1AAEQ TeUNINA1 Lateral Load luauin
ot LT D LN L0 WrrTr Lod LR Bl
s Tlaldesd130Akedld £ 1 snsfinneanueramidy Taofiield £, = Gross EJ,

& aa 3 a g a0 a 9
A EPIPmﬂﬂ‘umN‘lummzmsvmaauLfnwuumnﬂauuuﬂm'lﬂ
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