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the values of compressive cube strength predicted by the new regression
model are very close to those from the experiment strength values, with f-
value of 3.44 at 95% confidence level. Hence this new model of regression
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ABSTRACT:

This paper deals with the methodology, related to application of mathematical model for reuse
of partially set old concrete by adding fresh concrete to form serviceable mix by considering
their time lags and blend ratios. As Compared to the strength of the freshly prepared concretes
the preset concrete obviously gives the reduction in strength. This reduction is further possible
to be minimized to a certain extent on blending some quantity of a relatively fresh mix to the

existing quantity of the preset mix.

In the statistical methods of concrete mix design in civil engineering the most frequently used models
are Scheffe’s and Osadebe’s models, which are quite suitable for concrete mix optimization but are
greatly limited as a predetermined number of experiments must be carried out in order to formulate
them and they can only be applied for mix ratios that fall within the predetermined observation points.
Ibearugbulem’s regression model has been formulated as a new model to take care of these
inherent problems in Scheffe’s and Osadebe’s. Some modifications were made to obtain the new
model. This new model has been tested on concrete cubes for different mix ratios for 28 days
compressive strengths. The Fisher f-test shows that the values of compressive cube strength
predicted by the new regression model are very «close to those from the experiment strength
values, with f-value of 3.44 at 95% confidence level. Hence this new model of regression is

useful in concrete mix design.

Keywords:  Statistical ~ technique ~ Response  function,Optimization,  Ibearugbulem’s,
Scheffe’s,0Osadebe’s model.



LINTRODUCTION:

1.1 MODELLINGS

The regression model was used to make inferences about concrete mix through the use of
experimental design in other words experimental design as a statistical technique was adopted and
used in detail. (Simon et al. 1997). The basic purpose of the experiment is to generate a model which
is able by another statistical technique, regression analysis. This is to bring about process
optimization(Ahmad & Alghamdi, 2014), for predicting concrete compressive strengths for different
concrete mix proportions, adopted for a model possessing a fixed degree of accuracy.

1.2 Polynomial Response Function

Osadebe and Ibearugbulem (State, 2013) quoted that the response function F(B) is given as

F(B)= T F™(Bo) (Bi Bo)™
mr M)

0 <m<oo

Since X F™ (By) is the derivative of the function F(Bo) to m degree, equation (1) can be written as in
equation (2)
F(B)= sdF®B,) (BiB)T
B M T @

0 <m=co, 2 <m<oo The number of terms in equation (2) is dependent on the degree of the
polynomial, m and the number of independent variables, i. Consider m equal to 1,then equation (2)
can be written as shown in equation (3)

FB)=  Zd"F (B (Bi-Bo)° +XdFB")  (B-Bo)°
“dB, 07 dB - (3)

0 <m=co, 2<m<oo, If m=2,then equation (3) can be written as shown in equation (4)

FB)= I d°F(B¢") (Bi-Bo)’ +XZdFB¢*) (Bi-Bp)’ +XZd’F(B¢") (Bi-Bo)> +XId’F(B¢’) (Bi-Bo)(Bi-B) -—-(4)
dB(” 0! dBo 1! dBo 2! dBo 2!

It is assumed that the origin is Bo, which is equal to zero. Since the products and quotients of
constants are themselves constants, this equation can be written as shown in equation (5)

F(B)= £ by Bi" e )
0 <m<oo, 2 <m<w

It can be seen from equation (5) that,

For m=0, bmy=b-------- (6)
For m=1, bm=bj---—---- 7
For m=2, b =b; (for Biz) -------- (8)

bm =bjj (for BiBj) ------ 9)



For m=3, b =bji (for Bi®) - (10)

bm = bijk (for BiB;Bx) ---(11)
bm =biij (for Bisz) ...... (12)
bm=bjj (forBiB?) - (13)
bm=biik(for BiZ B) ------ (14)
bm=bikk(for BiBy?) ------ (15)
b =bjjk(for Bj*)Bx) ------ (16)
bm =bjkk (for BjBk?) -----—- 17)

Equation (5) can be written as shown in equation (18)

F (B) =bo+ = bp.B™ (18)

1<m=<c0, 2 <m<oo

For i=n, 1<m<n (19)

The implication of equation (19) is that the maximum degree of polynomial that can be is used is
equal to the number of independent variables, i.

1.3 Boundary Conditions

Both Scheffe and Osadebe and Ibearugbulem (S.0.0BAM, 2006) restricted the summation of the

independent variables to unity. That is

IBi=1 (20)

Scheffe (1958) also restricted the value of each arbitrary independent variable to be between zero
and one. That is

0 <m<1 21
1.4 Ibearugbulem’s Regression Model
Multiplying equation (20) by b, gives equation (22)

bo= X b, Bi (22)

Multiplying equation (20) by Bi and rearranging the terms gives equation (23)
Bi’=Bi-B1Bi-B2Bi--- -BiBy - (23)

Multiplying equation (20) by B;"

Bi""!=B;"-BBi "-B,Bi'----- -B{'Bj, -----—-- (24)



Taking the highest degree of the polynomial and substituting equation (22) and (24) into equation
(18) and factorizing, making sure that every term has no independent variable of more than one

degree will yield equation (25), which is the new Ibearugbulem’s regression model.
F (B) = ZxiBi + Zx;BiB; 4+ ZXijkBiBiBk +---+ ZXijk---0BiBjBk--c0 --------- (25)
1<i<0, 1<i<j <oo, 1<i<j <k<00------ , 1sisj <k<------ 0

The relationship of number of variables and its function is represented in table 6.55

Table 1: Relationship of Number of Variables and its function

No. of variables (i) Function =F(B) Equation
2 X1 Bi+x2 B2+ x12 BiB2 (26)
4 X1 By + x2 Bo + x3 B3 + x4 B4 + x12 B1 B2 +x13 B1B3 +x14 B1 B4 +x23 B2 B3 +x24 B2 By (27)

+x34 B3Ba+ X123 BiB2Bs+ X124 B1 B2Bu4 + X134 BiB3Bu4 + X234B2 B3 B4 + X234 B1B2B3B4

6 X1B1+ X2 B2 + X3 B3 + X4 B4 +X5B5+X<7B(,+ X12B1B2+ X13B|B3+ X1X4B]B4+ X15B1B5 (28)

+X 16B |B5+X23B2B3+X24B2B4+X25B2B5+X26B2B6+X34B 3B4+X35B3B 5+X36B3B6+X45B4B 5+
x46B4Bs

+X56B5Be+X123B1B2B3+X124B1B2Ba+x%125B1B2Bs+x126B1B2Be+x134B1B3Ba+x135B1B3Bs
+X136B1B3Be+X145B1B4Bs+X146B1BaBe+x156B 1BsBe+x234B2B3Ba+x235B2B3Bs+x236B2B
3Be+X245B2B4Bs

+X246B2B4Be+x256B2B5sBs+X315B3B4Bs+X346B3B4Be+x356B3B5sBes+x456B4BsBs+X1234B1
B>B3B4

+x1235B1B2B3Bs+x1236B1B2B3Be+X124sB1B2B4Bs+X1246B 1B2B4Be+x1256B 1B2BsBe+x1345
B1B3B4Bs

+x1346B1B3B4Be+x1356B1B3BsBe+x1456B1B4BsBe+x2345B2B3B4Bs+x2346B2B3B4Be+x2356
B1B3BsBe+X2456B2B4BsBe+X3456B3B4BsBe+Xx12345B1B2B3B4Bs+X12346B1B2B3BaBetX123
56B1B2B3BsBe

+X12456B1B2B4B5sBBg+X13456B 1B3B4B35Be+X23456B2B3B4B3sBs+X123456B1B2B3B4B3sBs

1.5 Model Equation

For concrete of six components, 1 <i < 6, if the total quantity of concrete is designated s, then
>si=S

That is to say, S1+52+53+ Sa4 S5+ S6= S -----------m-mmm-m= (29)

If the total quantity of concrete required here is a unit quantity then it will be wise to divide
equation (29) through by s. Hence,

S1/5+ S2/S+53/5S+S4/S+ S5/ S+ S6/ S =SS ———-mmmmmmmmemm e 30)

So that B1+B2+B3+B4+Bs5.:Bs= 1 31



tgeglg g I )
fqeg g T I

P S— ey - -
- < I Be@icd g g I (D4 't 1<
- - g g I
X fqfg I g g I () g 1<
x s feice
(€1)---- X gt 3 IX g g X IX g g I (@d 1912
USIS |

G aixg Y + 19 X YR =(d)d ¥

uondUN,| UOISSIISIY Y} JO SYUIDIIJI0)) T'S°T

(€9) s X=S

(T©) S/'s =g

IS ‘SO[qRIIEA [eN)OR pUE ' ‘So[qerreA opnasd ay) Uaam)aq sisTxo diysuonerar
© ‘IOAOMOH 'SQ[qeLIeA Jemoe ay) jou are Koy [, “so[qeriea opnasd are (Gz) uonenba) uonouny uorssarsar ay) ur pasn so[qerrea juapuadopur ay

SI[qRLIEA [EN}OY PUEB 0pNasd ['S'T



‘Kroanoadsar
¥ PUB ¢ 9[qe) Ul paje[nqe) aIe YoIym ‘@pow Y} Jo Koenbape ay) 159) 0) pasn Ik YIIYm SIXIW [ONUOD SB PAsh Ik ¢ JUIUTBWAI Y} [IYM [9POW JO UOB[NULIOJ JOJ SOXIUI
AU} Ik SOIRI XTW [BL1} 7] ISIIJ QU "SSeW Aq QUOp Sem S[eLIdJRW ) Jo Suryojeq 'soje3a133e 9sIe0d pue pues I9AL (£002) 9SH SI 03 SUILIOJUO0D By} JUSWD PUB[LIOg

ATeUIpIO ‘I9)EM OIR SJUSNINSUOD 9J2IOU0D Y I, 'YISUams 9A1ssaIdwod qef 10 91I0U0D UO Pa)sa) [opoul S, WA[Ngsnieaq] Ppow s wdngsniedqy jo uonednddy o'

N T PUe INZ “IZ *M¢ ‘1T ‘I *HT ‘DT ‘AT ‘AT ‘AT *JT “d'T'V T 2198} Ul MO[2q UMOYS S XLIBW €9 X €9 ¥ ST YV ‘SJuduodwod XIs ¢ 104

XIIJEW OINQWWAS © sSKeMm[e ST [YV]

[x] [VV] = [G(g)d ] se uioj uoys ¥ ur uantm
9q ueo ¢ uonenbyg ‘uonenbe uonoUNJ UOISSAISAT JO SJUAIIIIFA0D Y} JO san[ea oY) 2AIS [[Im (BGE ¢) uonenba jo uonenbe snosuejnws oy SUIAJOS

(@deg g 'g 1

eded g 1d xR



0196999 | 696999XX | 698999 | 69L999%X | 699999XX 1279693 07969 81964XX S1964%X 69993 6999 | 0¢
01969S9% | 69699XX | 69899 | 89,999 | 9ITA69T | 695969 | 61969 L1969%X P1969XX 69919 | 6959 | 6T
0T98999X | 698999XX | 898999XX | 89L9SIXX | 899999XX 12989%X 079893 81989%X S1989%X 899919XX | 8999 | 8¢
0T98969X | 6989¢9XX | 8989S9XX | 89LI9pIXX 12989XX 896969z | 61989XX L1989%X P1989%XX 89¢9I9xX | 8989 | LT
0198979% | 6989P9XX | 8989PqXX | LIL9PIRX 079893 61989%X 89¥9P93X 919893 £1989%X 89PqI9XX | 8a¥q | 9T
0192999 | 69L999XX | 89L999XX | L9989 | L99999XX 129L93X 029L93X 819L9XX S19L9%X L£99919%X | L999 | ST
019£969% | 69L999%X | 89L9S9XX | L9L9SIXX LA1TqkX L949999%X | 619L9XKX L19L9XX PI19L93K 0199 | 2969 | ¥T
0T9Lar9XZ | 69L979XX | 89LIPIRI | L9L9P9XI L90TIXX 619L9XX L9y9p9XX 919L9XX £19L9%X 69L9XX L9yq | €T
019L9€9% | 69L9€9XX | 89L9€9XX | L9L9E€9RX LA819XX L19L9%X 919L93X L9€9€XRq C19L9%X 89L9%X L9¢9 | TC
1290193 12969XX 129849 129L9%X 129993 1279593 12974 129€9%X 127929 129193 129 1T
029019%X 02969 0T989%X 0T9L93X 079993 0T8I 02993 029¢93X 0T92IIX 02919%X 029 0T
619019 61969XX 619893 619L9XX 61999 61959%XX 619¥9XX 619¢9XX 619294 61919 619 61
8T19019%XX 81969XX 81989%X 819L4XX 81999XX 819593 SI9P9XX 819£qxX 81924z SI9I9XX 819 81
L19019%X L1969%X L1989%X L19L9%X L1999%X L1969%X L1993 L19€9%X L1929%X LI9I9XX L19 Ll
9190193X 91969 919893 919L93X 919993 91969 91993 919¢93X 919293 91919%X 919 91
S19019%X S1969XX S1989%X S19L9%X S1999%X S19693X S19raxI S19€qx S1929xX S1919x SIq Sl
190193 71969XX 719893 PI9L93K 19993 ¥1999XX P1ar9xX P19eqxX ¥1929XX Y1919 148! 4!
£19019%X £1969XX £1989%X £19L9%X £1999%X £1959%X £197ax £19€9% £1929%X €1919% €19 €l
Cl19019%X C1969%X C14989%X CI9L93X C1999%X 19893 99X Cl19€93X ¢1924xX 919X clq <l
119019%X 11969XX 1T989%X IT9L93X 1719993 1T9893X 11979%K 1T9€93X 1T9293X 11919XX 1q I
0190193 01969 0I989%X 0T9L93X 019993 079593 019993 019€93X 019293 0I919%X 019 01
0T1969%X 6969%X 69893 69L9%X 6999 69593 69793 69¢9%X 69293 69193 69 6
019893 69893 8989%X 89L9%X 8999%X 8999%X 89Pq3X 89¢9XX 897axX 8919%X 89 8
0T9L93X 69L9%X 89L9XX L9L9XX L999%X L9593 L9PqX L9EqX L9279 L9193 Lq L
0T999%X 6999%X 89993 L9993 9999 179X 079X 8I9XX ST TT9XX 99 9
019593 69593 89593 L9593 179X S98axX 619X LI9XX P19 019X Sq S
019793 69793X 89P9XX L9pqxX 029X 6193X PAr9X 919X [ 693X 9 ¥
019¢93X 69¢93X 89¢9XX L9€q3X 819X LT9X 993X £9¢93X CI9X 84X €4 €
0T9293X 6929%X 8979 L9TIXX ST9RX PI9XX €193 CI9XX 993X LA 4 [
019193 69193X 8919XX L9193 1193 093X 693X 84xX L4X 1919%X 19 I
0l 6 8 L 9 S ¥ € [4 I “TeA | 'ON'S

JIeY IS11J 10J O]~ JUI0J UOTIRAINSGQ) 10F [ VY] XLIeW JO SJUsWad 1V T Aqe,




129919019L93%_ | 1299196998X_ | [2A91989L4RX | 12991929L999%X | 12991AL099RX | 129919L0SARX_| 129919LApARX_| 129919L9€9RX_| 12A919Ld29%% | 12A919L4193X | 12a91dLa €9
6192190199933 | 619219699933 | 61901989993 619C19L99933__ | 619C1999993X | 12961921933 | 0CA619C1933_ | 619819CI9RX_ | 61951901933 | 61921911933 | 61921999 9
6140198999%X_ | 619698999%X_| 619898999k | 641989L9993X_| 61989999993X_| 12461989 029619893 619819893 | 619519893 614119893 | 6198999 19
6190192999 61969L999XX 61989999 619L9L999XX 619299999%X 129619L9%X 0T9619L9%X 6198199 619519L9%Z 619171993 619,999 09
L19019L999%X £1969£999TX L1989L999%X £19£9£999%X £19299999%X 129L19L9%X 0T9LT19L9%X 819L19L9%X L19ST9L9%X L19119L9%X £192999 6S
9190192999 91969,L999%X 919899994 919£9L999%X 919£99999%X 129919L9%X 0T9919L9%X 819919L9%X 919S19L9%X 91417199 919,999 8¢
919019L489%X 91969L9S9XX 919899594 919£9L9S9%X 129919L9%X 919L989694%T 619919L9%X L19919L94%X 919¥19L9% 919019L9%X 919,989 LS
129919019% 1299196493 129919843 129919L9%X 1299199943 129919593 129919793 129919€4%X 129919293 1299149193 129919 9¢
129€19019%X 1294€1964%X 129€1984%X 129€19L93X 12A€1994%X 129€1959% 129€19¥9%X 129€19€4%T 124€1924% 12A€19193 Icagiq sS
1242190193 129219643 129219843 12421943 1242199943 129219593 129219¥9%X 129219€4% 129219243 129219193 1caz1q S
0292190193 029T19649%X 029T1984% 029z19L9%X 029219993 0297195943 029T19+9%X 029T19¢94%T 029219293 024T1919%X 0cazi1q €S
619T19019%X 61921969%X 619T1989%X 619219L9%X 619T19993% 619T19693X 61921979 619T19¢93X 61921929%X 619219193 619219 49
12901969%X 1296969 12969893 1296993 129699943 12969593 12969793 TTA89€93X 12969293 1296919 12969 s
12901989 12969893 12989893 1298993 12989994 129895943 12989793 12989€4%X 129892943 12989193 12989 0s
0290719894 0296989 07989893 0T989L9XX 0798999 07489593 0298979 0798993 0798979 0298919 02989 (04
619071989 61969893 61989893 61989L9%X 61948999 61989593 61989793 61989€93X 6198979 61989193 61989 87
129019L9%X 12969L9%X 1298993 129L9L9%X 129L999%X 12949543 12Lar9XX 129L9€9%X 129,929 1294L919%X 1299 Ly
029019L94%X 02969L9XX 07989L9%X 0T4L9LITZ 0T4L999XX 0T4L9SIZX 0TLAYIXZ 0T9L9¢93X 0T4L9TIXX 0T9L9T19XX 029L9 9
619019L9%X 619649L9%X 61989L9%X 614L9L9%X 619L9993X 619L989XX 61L9v9XX 619L9€93X 619L9T9XX 619,919 619L9 St
819019L9XX 819969L9%X 81989L9%X 814L9L94%X 814,994 814L9S9X 8ILAvaXX 819L9€4%X 814,924 814L919%X 819La jud
L19019L3T L1969L93% L1989L93% L19L9L93% L19L9993% L19L9893% L1L9p93R L19L9€9RT L19L9T93T L19£9193% L1499 32
91901994 914649L9%X 61989L9%X 919L9L9XX 9194L999XX 914LAS9XX 9ILArIXX 919L9¢93X 919L9T9XX 919L419%X 919L9 (44
61901999%X 6196999XX 61489993 619L999%X 6199999 179619 0246193 619819%X 619619%X 6191 193X 61999 v
019L999%X 69L999XX 84,9993 £9L959%X 89999943 129L93X TTALARZ 129L93X 619L9%Z 8999193 L1999 oy
019L9589%X 69L94S9%X 89,9593 £9L9589%X 84179 89499593 129L93X 029L9%X 819L9%X €19L93X 91999 6¢
019,993 69L979XZ 84,993 L4L979%X 84079 €C4L9X 89FArqXX 619,93 L1993 T19L9% 91959 8¢
019L9€9%X 69L94€9XX 84L9€93X £9L9¢€94%X 848T9XX 124L93X 919L9%X 89£9€9XX 919L9%X TT9L93X 1999 LE
77901933 729693 7798433 TTILIZR 7799933 TTASIRR TTIPIZ TT9€933 7792933 TTAI9Z €1999 9¢
€1901989XX £196959%X €198959% €19L969%X 129€193X £196964% 614€T9XX LIAETIRX J4 it Cleeed €19019%X €199 S€
219019993 71969993 T1989993% T19L9993% 71999993 12921933 02921933 819T193% S197193% 21911933 21999 [
19019893 196959 19989593 CT19L9593X 1292193 T198969% 6147193 L19C19%X Y19219%X 19019 1989 £€e
1901993 146993 1989493 T19LaP9X 024TI9XX 614T19%X T19PAP9xX 9192193 €19T19% 719643 ¢19ya 143
01907999 07969993 01989993 0T9L999%X 0199999 1290193X 0T90T9XX 8TOTIXX S19019%X 01999k 01999 1€

1] 6 8 L 9 S 14 € [ I e ‘ON'S

JIBY puod3s 10 (-] IO UONRAIdSqQ 10) [VV] XInew Jo sjuowdly :g ¢ dqelL




69993 6429993 6499993 129693 0296933 81969%X S19643X 64993 1969943 11969943 6999 0¢
01959193 84,999 9179693 0198959%X 61969 L1969%X 1969XX 01959193 T19698933 11969593 6959 6T
64999193 6429593 6499993 129843 079893 814893 S1484%X 6499193 T198994%X 11989943 8999 ST
6984193 89LAAZI 179893 6989893 619893 L1989%X 19893 6489143 1989843 11989593 8459 LT
6979193 L9L9¥93I TTI89RX 179893 6Qrqra<I TTI89RX 619893 64rq193I T198av4xX 1148443 8qvq 9T
8999193 L9L9$93I 8999993 129L93X 0T4LIRT 8T14L9%X S19L4%X 849919 T19L994%X 119929993 £999 ST
019L9%X €19L959 8417 845959 619L94%X LT9L9%X P19L9RT 0T9L93X C19L9S9%X 119L989%% Lasq T
64L93I €19LaqXI 84079 619L9%X 8APqPATI 914L9%X €19L93X 6443 T19L9v4%X 119L9v43T L9v9 €T
919L9%X £19L9€9XT 84819%X 619L9%X 819L4XX 89€9€9I 0T9L9TX 914L4%X TI19L9€933 119L9€4%% L9gq (44
TTA19%% TT4Laz% TT999%X TTISIRT CCAvaxx TTALIRT TC9TIRX Ta19zx 12921933 1291193 129 1
079029%X 0796193 029819%X 0T9LT9ZX 029919 0295 19%% 0797 T19%X 0T9€19xX 029219%X 0791193 09 0T
0296193 619619 6198193 619L19 619919 6198193 619v19XI 619€193I 6192193 6141193 619 6l
079819 619819 8198193 8T9LI9XX 819919XX 8195193 819719 819€19XX 819C19%X 819119 819 81
0T9L19%X 619L19% 819L193X LT4L19 L19919X% LI19STA%X L19v19XI LT9€193I LT9TI9RZII L14T193 L19 L1
0299193X 619919%X 819919XX L19919%X 9199193 919STIXX 919y 19X 919€ 19X 919T19xX 919119%X 919 91
0295 193X 6194S19X 819S19XX L19ST9RX 9195 193X S19ST43 SIAPIqXX S19€19XX S19ZI9XX SIQITIXX S1q Sl
0297 19X 61971943 8197143 L19719XX 9197 19X S1ar19XX 7197143 719€ 193X P19C19%X 7191193 719 14!
029€T193X 619€19% 819€19XX L19€19RT 919€ 193X S19€19%X P19€19R €19€19XX £19C19XX €191 19X €19 €l
029CI193X 619T19%X 819T19XX L19T19%X 919T193X S19ZI9XX 7192193 €19T19XX [l iked Clq1193% 4L <l
0291 19X 6191 19X 819119XX L191T9%X 9191 193X S19119%X P1AT19XX €191T19XX ClaI19xx 1191 193X 119 11
029019%X 619019%X 819019XX L19019%X 919019%X S19019%X 719019%X €19019XX C19019%X 1190193 019 1]
02969 619693 81964 L1969%X 91969 S$1964%X 719693 £1969XX C1969%X 11969%X 69 6
029893 619893 81984 L1989%X 919893 S1984% 719893 £1484%X C14984xX 119893X 89 8
0T9L9X 619,93 819L4%X L19L9%X 919L9%X S19L9%X P19L93X £14L4% CTI9L9X 1T9L9XX L9 L
029993 61999%X 81999%X L1999%X 919993 S$1999%X 719993 £19994%X CTI19993X 119993X 99 9
09593 619593 81959% L1959%X 919693 19693 719593 £19499% CTI9693X 119693 Sq S
02993 619P9%X 819¥4x L19P9%X 919p9%X S19¥9x P19P9XX £1974x CI9P93X 119793 4 14
029€93X 619€943X 819£4xX L19€93X 919€93X S19€4x P19€93X £194£4x CTI9€93X 119€93X €4 €
02929 619293 81974z L1929%X 91929 S1929%X 19293 €1974% 1979z 119293 «“ [
029193 619193 81919%X L1919 919193 S1919%X 719193 €1919% CI9I9%X T1919%X 19 1
0T 61 81 L1 91 St ! €1 1 5 A | ON'S

J1eY ISIY 10j 0Z-TT JUIOJ UODEAIISqQ 10§ [VV] XIEUl Jo SRUSWAY ) ¢ JIqe,

10



T290Z919L03X | 129619919L9%X | 128199919LAXT | [CALIOIALAXX | 1CAOIAOIALIRT | [CA9TASIALART | 12A9TAPIALAXT | [C991AEIALARX | 1CA9TAZIALARR | 1Ca91a1 1993 | 1290149 | €9
096 19C14993X 619CIQ99XX | GIA8IACIA0ART | 6IALINCIA9IRX | 6IAOIAZIAIRT | GIASIACIA9IRT | GIApIACIA0ART | GIAEIATIAORT | 6IACIAZIAIRX | GIACIATIG99RR | GIATIA | 29
0Z46198999XX | 61961989993 |  6198198999XX | 6IALIGRA9ART | 61A91A8A9AXT 619STA8A99TX | 61qp198A99TX | 61951989993 6197198999 |  61411984993X | 6198999 | [
0TA6IALAATX | 61A61ALA9ITX |  6IA8IALA9ART | GIALIALA9ART |  6199T1QLA0AZT 619STALAATX | 61APIALA9ITX | 6IAEIALA99R | GIAZIALA9IRT | 61A114LA9ART | 619,499 | (09
0T4L19L999%X 619L19L999%X 819L19L994%X L19L19L994%X L19919L994% L19S19L9993T L19¥19L9993 L19€19L999%X L19T19L999% L19119L999%X L19L999 6S
0TIOTALAVATX | 6I1901ALA9ITX |  SIWOIALA9ARX | LIA9IALA9ART | OT49TALAOAZT 919STALA0ATX | 914pIALA99TX |  914£1d9995T 91qZIAa9 | OIAITALA99XX | 919,04 | §¢
029919L9¢9%X 619919L989%X 819919L9593I L19919L9593X 919919L989%X 919€19L9¢93X 919719L94S9TT 919€19L989%X 9192199593 919119L989%X 919,989 LS
1Tq0C90TAXX | 1296149193% TTO8IA0T9XX | [CALI99IARX | [CA919XRIMAZT ITASTAOTARX | 1CApIa9I9RX | [CAOIGEI9RX | 1CA9I9TIaRT | 199141143 | 129914 | 9g
129029193 | 129619€ 193X | 1298I9€193 | 12ALI9EI9RR | IC919EI9RT | [2ASI9EM9RR | 12apI19€1933 | 1T9ENAEIqRR | 19E19TI9%R | IC9€qI193R | 129eld | 66
1290292 193X | 12961921933 | 1298192193 [ 1T4L19TI93T | 12991921933 1295192193 | 1297192193 | 129€19219%% | 1292192193 | 1292141193 | 12d2ld | #§
0290292193 | 029619C19%X | 0Z9819C19X | 0TLIGTIGRT | 0T49J9TIGRT | 029SIATI9RT | 0291921933 | 0TUEI9TI9RR | 02dTlqTIqRT | 0T9TIdIIazR | 024Tlq | €6
0296192193 | 619619219 | 619819219 | 61ALIATIIRT | 619919CI93X | 619SIATIATT | 6191919 | 619€19CI9R | 6192190193 | 619211193 | 619219 | ¢S
124029693 | 129619693 | 129819693 | 12419693 | 129914693 1295196933 | 129196933 | 196196933 | 1c9cI9693% | 12119693 | 12964 | IS
129009893 | 1296198933 | [9819893X | [CAL1989%X | 12991484%X 1795198933 | [CApI989%X | 12AE1989%X | 12921989 | 12411984k | 12984 | 0S
02907989XX | 029619893 | 0CA8I9893X | 0CALIG89%X | 02991984 0Z4S19893X | 0CZAPI9893X | 0CAEIM893X | 0cdCI989%X | OCIAIIA89ZXT | 02989 | 6F
02961989ZX | 619619893 | 619819893 | 6I1ALIG89TX | 61919984 614S1989TT | 619v1984TT | G6IGEIG84RT | 6IATIASART | 6IAIIG893X | 61989 | 8p
02417dL9RT | 129619293 | 1298192933 | [CALIALATX | 12991AL4RX | [CASIISIALIRT | [cAplaL9RX | 1c9el9L93X | 129cqlaLd=R | 12al1dL9%R | 1cald | L
029074L9RX | 029619293 | 0981993 | 0CALIALARX | 029919L93X 0CASTALIRT | OTAPIQL9ZX | 0CAEIAL9ZX | 0cCIALd%X | 0cAlldLdzX | 02dLd | 9f
0C9619L9ZX | 619619293 | 61981993 | 61AL1AL9TT | 619914L9 619STALART | 619r19L93T 619€1L93X | 619TIALAZT | 6IAI1GL93R | 61909 | Sp
029819L9XX | 619819293 | 8IA8IQLAXX | 8IALIALATX | 8I9914L4X 819149 | 81qvI4L9RX | SIAEIA9RT | LIATIALAZX | SIAIIALAZX | 81949 | vp
0CALI9L9ZR | 619219293 | 8I9LI9L9RX | LI9L1993% | L19919L93R LI9S19L9%% | £19719293% | LI9€19L9%R | £19219293% | LIG119L9RX | L1929 | ¢
0C9919L93X | 619919293 | 8IA9IALARX | LI91ALATX | 9I9194LITT 9195149 | 9IqrI9L9RX | 9IAEIAL9RT | OIATIALAZX | 9I14M1AL4ZX | 9199 | ¢b
029619993 | 619619993 | 81961999 | 61919993 | 619919993 61951999k | 61919993 | 619€19993X | 614TIG99ZT | 614119993 | 61999 | I
6499193 S4L4SATT 6499999 1290933 TTALART 124L933 S19L93% 649919 €199993X | TIGQLA993Z | L1999 | OF
€199 14£95933 6412933 645959 1290933 0Z4L93T PI14L93T 014L93X TI19L9593T 11495433 [ 91994 | 6€
TI9L933 [ARTRTREE 640293 619933 69PaPITI 619293 €199 64,93 TILAP9ZT 11497932 [ 91954 | 8¢
124L933 Y1499 6981933 619,933 814L93X 69€9€9TT 02993 91493 TI9L9€93T T19/9€9 | $1999 | L€
€219 €229 £2999 €259 £29P4T £29€93T £29293 €219 TLITI9RT TTAIIGRX | €199 [ 9¢
P190193T 19,9593 TTIEN9RT P14g45AZT 619€193 LIGE193T PI9E19TT PIG0I9RT | €19C19S9 | €1911993 | €159 | ¢¢
1411933 €14L999TZ £1499993% 12921933 02921933 819C193T SI9TI93T €191193% | CI9CI999%X | CIQI1999%X | 21999 | g
£1901933 €14L9593T 12921933 €1459593T 6192193 L19T193T PI9C193 €190193% | CI9CIGS9%X | CIQI19$9X | <1989 | €€
£196933 £14L9P9T TTACI9RT 12921933 €19paPITI T9C193T 61921933 €1969XX | CI9CIGPIRT | cIAII9pIR3 | 2I9¥d | ge
019993 01929993 01999993 £290193% TT90193 610193 9190193 019993 | TIG019993X | 119019993 | 01999 | I¢
0T 61 81 Ll 91 <1 bl €l Tl 1| ™A [ NS
J[BY PU0D3S 10J ()Z-] [ IUIOJ UONBAIdSqQ 10F [VV] XINew JOo SUdWI[H :( ¢ dqeL

11



64699999<X 124646433 648999993 1246989XI 0796989%X 6499L999% 179649 02969L9%X 81964L4XI 12469993 6494 0€
12969693 64695959 12969843 648959593 6196489 12969L9%X 64L959S9RT 61969L94%X L1964L9XX 12969593 6459 6T
648999993 12969843 89899999TX 17989843 07989893 89,99994%X 1298443 02984L4%X 814849 12989993 8999 ST
1796984%X | 6989$9TICAXT 1798484%X 8989594SATT 6198989 12489L9XX 89L959S9RT 61984L4XX L1989L93X 1248959%X 84gq LT
0296989%X 6196989XT 02989843 6198984 8984+APIT 0T489L9TT 61989L93X 89v4L9P9XI 91989L93X 127989743 8dv4 9T
6499L999%X 17969L9XX 89L99999%X 17989L9%X 07989L9XX L9L99994%X 179L9L9%X 029L9L9ZZ 819L9L9XI 129L999%X L999 ST
12969L9%X 0196959 1298443 89,959S9%X 61984L9XI 129L9L9%X £9L959S9%X 619L9L9%X L19L9L9I 129L989%X L989 T
02969L9%X 646459 07989L9%X 61984L4XX 89P9LIPIRI 029L9L9% 619L9L9%X L9L979P9TZ 919L9L9%X 124,943 Larq €T
81964L9XX 6489593 81989L9I L1984L4%X 91989L9TT 814L4L4%X L19L9L9 914L9L9RT £9L9€9€9%T 124L9€93X L9g9 (44
64L999XT 1796959 1798999%X 1798959 17989v4XX 124L999XX 179L989%% 124L9v9%X 129L9€9%% 1291293 129 1T
6999TI9AIX 0796959 029899943 0798959 0798979<I 0T9L999% 079L9S9%X 0T4LIPART 029L9€9RT 1290793 029 0T
6196999%X 61964593 61989993 61989543 6148919 6194L9994%X 619L969%X 619L9v4%X 619L9€9%T 1296193 619 61
8146499XX 8146459XT 8148999 8148959%X 81489qXT 814L999XX 819,959 814L4¥ART 819L9€qxI 1798193 819 ST
L196999XX L196459XI L1989993X L1984S4%X L1489¥qTI L19L994%X L19L9593I L19L9¥93I L19L9€q3I 129L193% L19 L1
91969994 91969594 91948999XX 9198959 9198974 919L999%X 919L9459% 919L9P9%X 9194L9£9x 1799193 919 91
S196999XX S1969S9XX S148999XX S148959X S1489¥AXX ST4L999XX S19L9S9XX ST9L9P9X S14L9¢9XX 1245193 S1q ST
7196999 71969594XX ¥1948999XX 198959%X 7198974 19L999%X ¥19L9459% 19,9993 19L94€94X 1297193 19 4!
£196999XX £1969S9XX £1989993X €198959%X £1489yqXX €19L999%K £19L989XX €19L9v9X £19L9¢93XX 129€193X €149 €l
196999 C196959XX C198999xX C198959%X C198979x 19,999k 19,9893 C19L9v9%X C19L9£9%X 1292193 4L <l
11969993 11969593 11989993 1198969 11989P9%X | 1199L999XX 11929693 11929993 1192L9€9%X 1291193 119 11
0196999 0196959XX 01989993 0198959 0198979XX 019£999%X 0194959 01929993 019£9€9%X 129019%X 019 (U}
696994 6969594%X 698999%X 648959X 6989794% 64L999XX 69£954%X 64,9743 69L9€94X 129692 69 6
698999 698959 8989994 898959XX 8484rAXX 84L999XX 84LASAXX 84LA74X 84LALAXX 179843 89 8
6929993 84L999XX 89L9459XX 84L9¥AXX LALAr9XX L4L9S9TRX L4LASIIX L94L9y9% L4L9EqXX 129L93X L9 L
6999993 4917964 899994 129893 029893 £99999XX LA17axx L9079%X L9819%X 129993 99 9
12969%X 69459693 129893X 8946959%X 619893 12993 L4899 61993 L19L9%X 129693 <9 S
07969 61969 029893 619894 84rAraXX 0T9L9X 619L9%X La¥9r93 919L9%X 129793 74 )4
81969 L1969XX 81989 L1989 91989 819L9%X L1993 919L9% L9€9€qXX 179¢€93 €4 €
S1969XX 71969 S1989X 19893 £1989% S19L4%X P19L9%X £19L9%X CI19L9%X 129293 4 [
69993 695919%X 899914%X 8469193 8ArAIAXX £99919%% 019L9%X 69L9%X 84LAXT 12919 19 1
0€ 6C 8T LT 9 ST T €T w 1T TeA | ON'

JIey ISI1J 10§ O€-1¢ JUI0J UONLAIDSQQ 10F [VV] Xnew Jo sjuswod :q 7 dAqel,

12



L1969L99999%X 129L1969L9XX £1989L99999%X 129L1989L9%X 0T4L1989L4%X L19£9L999XZ99TX 1T4L19L9L93X L19L999Lav9RI 814L19L9L9%X 129L19L999%X £19L999 €9
91969L99999%X 127991969L9XX 91989L999993X 12991489L9%X 0T9914989L4%X 919L9L999TI993I 129919L9L93X 919L999Lav9I 919L999L9€93X 1299192999 | 919,999 79
91969L91T9XX 91969L9S94TT 12991989L93X 91989L9€9S93I 61991489L9%X 129919L9L9 919L9S9TILASART 919L9¢9LaP9I L19919L9L9% 1299192969 | 919,959 19
61969L99999%X 12961969L9XX 619892999993 12961989L9%X 0T9614989L4%X 614L4L999XZ99TX 129619L9L9X 61494L999L9v9I 619819L9L4TX 129619L999%X 6142999 09
L1969L999994%3 129L1964L9%X L1989L999993X 1T9L1989L4% 0T9L1989LATT L19L9L999TT99IX 129L19L9L93 L19£999L9P43T 819L19L9L4I 129L19L999%% L19L999 6S
91969L99999%X 12991969L9XX 91989L999993X 12991489L9%X 0T991989L4%X 919L9L999TI993I 129919L9L93X 919L999Lav9I 919L999L9€93X 1299192999 | 919,999 ]¢
91969L91TAXX 91969L9€9S4TX 12991989L93T 91989L9€9S4TI 61991489L9XX 12991929L9 919L9€9TILIST 919£9€9L9P93T L19919L9L93Z 129919L9593% 919L9¢9 LS
12991969993 12799196959XX 12991989993 12991489593 12991984+ 12991929993 129919L9893X 129919Lav93X 129919L9€93X 1291299193 12a919 9¢
129€196999% 129€£1969S93 129€1989993 1279€19895943 1279€19897943 129€19L9993 129€19L9893 129€19L9P93 129€19L9€93 129129€ 193 1z9¢19 NS
12921969993 129T196959%X 12921989993 129T1989S9XX 17971984743 129T19L999%X 1291929693 129T19L9v93I 129T19L9€93X 1291292193 1zqzia 149
0T9T196999% 07921969593 029T198999XX 0T9T1989S9XX 0TqT1989¥4xT 0T9T19L999%X 0T9219L9S9TX 029T19L979XZ 0T9T19L9€4T 1290292193 ozazia ¢S
6191969993 61921969593 619198999 619T1989S9%X 614T198QP93T 614719L999% 614199893 619219L979XZ 619219L9€4T 1296192193 619z1q s
124696999%% 1296969543 1296989943 129698959%% 1296989743 12969L999%X 12969L9S4%X 12969L979XZ 12969L9€43X 129129643 12969 1S
12969899433 1296989593 12989899933 129848959433 1298489+43%% 12989L999%X 12989L9S9X 12984L9P43T 12989L9€93I 12912989 12989 0s
0296989943 02969895943 02989899943 0T98989454%X 029898443 0T989L9994%X 0T484L9SqT 0T989LAAz 0T989L4£93 129029843 02989 6
0796929993% | 0296AL9SIRX | 0TA84LA99%X | 0CASALASARX | 619898APART 6198929993 61989L9SA3X | 61989L9PAXX | 61989LGEART | 129614893 | 61984 | 8%
61964L9993X | 61969L4S9XX | 61489LG94XX | 6198ALASAR | 1CASALIPART T24.4L9993 T24L9LQS9%X | 129L9L9PARX | 1¢dL9LQ€9%X | 1241CAL9RR | 1299 | Lp
$1964L9993X | S1964L4SAXX | S1489LG9AXX | 8198ALASART | 0TASALIPART 0741929993 074L9L4S9%X | 0CALALAYARI | 0TALALAEARX | 1290TALART | 0294 | 9p
L1964L999XX | L1969L4S9XX | L1G89L994XX | LI9SALASIR | 61989L97AxT 614L9Q99%% 614L4L9SAXX | 619LALAPAX | 61AL4LAEART | 12A61ALAXX | 6194 | GF
91469L0993X | 91964L4SIRT | 91989Q99XX | 9148ALGSATX | SIA8ALAPART $14L4L9993Z $14L4L9SAXX | S19LQLAPAXX | SIALALAEARX | 12A8IALAZX | 8194 |
6196499993X |  12461469XX | 614899994XX | 12461984 | L1989L9PaRT L19L9L9993X L19/9/9S4XX | L19/QLAP9xX | LIALALGEARX | 1CALIALAZX | L1994 | ¢F
L19649999XX | 12ALIG69XX | L1G899994XX | [¢dLIG84RT | 91989LGraxX 914£92999%X 919/4L9SATX | 919/QLAP4xX | 914L4LGEARX | 12A91ALA%X | 9194 | ¢
914699999%X |  [2991969XX | 919899499%X |  1C991984TX | 0C461989%X 614.99999%X T29619L93X | 0C9619L9XX | 61G81AL4XX | [C9619943X | 61999 | [¥
120919643X | 91964S4SIRT | 12A91989XX | 91984SASIRT | 0CILIGSART L19£999993X 12QLI9L9%X | 0CALIGL9RX | SIALIALARX | 1CALI999RR | L1994 | 0%
7146999993X | 12av1969XX | P19899499%X |  1C4rI98A3X | 0CA91489%X 914£99999%X 129914/93X | 0CQ919AXX | 81491AL4XX | [C991994%X | 91499 | 6¢
€106499993X |  1C4€1G69XX | €148999943X |  [¢AE1A84RT | 61991984 129914L9%% 914/4S9SATX | 619914L4XX | LI99IGLARX | 12A91QSAZX | 91959 | 8¢
129€19643X | £1964S9SGRT | 12A£1989%X | £1984S9SIRT | 0CGr198ATT P14L49999%X 12QP19L9%X | 0CAVIZ9RX | SIAPIALARX | [Capld99x | #1994 | ¢
7196499993 | 124C1G69XX | C1G899994XX |  [¢dCIA84RT | 0CEIG8ART €14£999993X T79€1AL93X | 0CAE19LAXX | SIAE1AL4RT | [C9EIG9qRX | €1999 | 9¢
129E1969%% | €19695959XX | 1CAE1989RT | £1989SASART | 61AE198ART 124€19L9%T €14/9S9SATX | 61A€14LdXX | LI9EIGLGRX | 1CA€IQSARX | €159 | ¢
T19609999%% | 129C1969XX | C1A899999XX | 12ATI98ART | OTATIANART T19.099993X 124219L9%% | 0C9CI9Z9RX | SIACIALAXX | 129CI4999R | 21994 | ¢
074719693 | 619C19643X | 0CACIG89XX | 61961984XX | 614C1489XT 129719193 TI1Q/9S9SAXX | 619C1GL4XX | LI9CIGZARX | 12ACIGSA=X | <1989 | g€
079719693 | 619CI9643X | 0C4CIG89XX | 61961984XX | C1989PAPART 029219L9%% 614719L9%X | CI9vALAPART | 91GTIALATX | 1C9CIApdR | 219vd | ¢g
0196499993 | 12901969XX_| 019899999XX | 124019893 | 02901989XX | 01499L499%T 12401993 024014£9%X_ | 81901943 _| 129019943 | 01999 | I€
0¢ 67 8T Jk4 Jk4 T vz 44 w Iz A | NIS

J[eY PUOO3s 0] ()g-]¢ IUIOJ UONBAISSQQ J0F [VV] XIIew Jo S)uoW[d :f ¢ dqe]L

13



124L1989%% | 129919893 | 91989599 | 1apIa8dzX | 12AE19893% € [ 1292198933 z 619619893 | 129019893 3
198959TTSIRT 1989S9TTSITT qsq | LT
07AL1989%X | 029919894 | 61991989 | 0TAPIA84TX | 0CIE1989ZR 619€1989%X | 02919893 619219893 T1989¥ap93X | 029019893 3 0
arq 4
L 9 | 129914L9zR v € T2A€19293% T 1292192933 0T9ZI9L9%T | 01999L999T L
192499993 | 19£999993X 192499993 | 19£999993% 19249999 Q99 | ST
122192933 | 129914293 9 | 12AP1AL93X | 1<9€l9LaRR €19£959593X | 129219L93% T19L959593 619219243 | 129019L93R L
192959593 59 | ¥T
0TAL1929%% | 0CA91AL9RX | 6199TAL9XX | 0TApIAARX | 0CAE1ALIZR 619€1993X | 0¢AT19L9RR 619219243 T | 02901993 L
19p93ZLAPIZT arq | €2
SI1QL1ALA3X | S8I991AL9XT | LI1A919L4%X | SIAPIALARX | SIGEIALAR L19€14L93X | 819CI19L9RT L19T19L43% 919C19L9%X | 81901943 L
qgq | TT
1292199933 | 129919993 | 129919893 | 12ap1999%X | 129€19993 129€199%% | 129219993 1292195933 129219743 019299933 | 129 | 1¢
074L1999%X | 029919993 | 0T9919S9RI | 0TAPI999%X | 02IETA99ZR 0TAE19ATT | 029T19993 079T19593 0792 19Pz 0] oca
1999399 0T
614219993 | 619919993 | 619919593 | 619p1999%X | 619€19993% 619€1993X | 619019993 619219593 619219793 | 619019993 | 619 | 61
814L19993% | 81991999k | 814919543 | 8IAPI499T | 81919993 S1Q€19593X | 819219993 814219543 81971943 | 819019993 | 819 | 81T
L19L19993% | L1991999kX | L199199%X | LIAPI999T | LI9E1999RR L19€1943% | 19219993 £19219543% L192195A3X | L19019993% | 219 | LT
£19919993% | 91991999k | 919919593 | 91Ap19993X | 919£19993R 9TAE195A%T | 919219993 919219543 919C19¥9 | 91901999% | 919 | 91
L19ST9993X | 91951999k | 914519593 | SIAPIA99T | SIGE1999RR SIAEIAS9RT | S19T19993T S192195A3% SIACIaKATX | SIQ019993% | S1q | S
P1A4L1999%% | 19919993 | $19919S93X | PI1ApI999%X | +I9€19993% P1A€19893% | 19219993 P19219593 PI9TIQPIRT | $19019993R | $1Q | 1
LI9€19993% | 919£19993T 919€19S | PIGEIq993 | €19€1999%T €19€195933 | £19219993% €19219543 €19C19A3X | €19019993% | €19 | €1
L19719993% | 919219993 9 | ¥IATIA993T | €19C19993R €19C19593X | - ¢192199933 T1AT19543% TIACIAMARZ | 1901999 | ¢1q
1921995933 4!
L1Q119993% | 91911999k | 914119593 | +IA119993X | €1911999 €1q119593X | ¢1911999% 714119543 TIAT19P9ZX [ 119019993 | 119 | 11
£19019993% | 91901999k | 919019593 | +19019993X | €1901999 €19019593% | <¢1901999%% 219019593 T19019¥93X [ 0190199932 [ 019 [ 01
L196999%X | 9196999XX | 91969S9XX | +196999X | €196999XX €196969%X | T1969949%X 21969593 19697943 0196999 64 6
L198999%X | 9198999XX | 9198959 | +198999%X | €198999XX £198969%X | T198999XX 19989693 C1989793%% 0198999 89 8
L192999%X | 919L999XX | 919L9S9XX | +19L999%X | €19L999XX €19L969%X | T19L999XX C19L969%X C19L9¥93X 019,999 L9 L
L199999%X | 9199999XX 1299193 19999 | €1999994X 129€193X | T199999%X 12921943 029CI19%% 0199999 99 9
129L19%X 129919%X | 919699943 02ar 193X 129€ 19X £195969%% 1292193 1969693 6192193 1290193 <q S
0T9LI193X 079919 919619 0Ty 193X 02T9€193X 619¢193X 0T4TI93X 6192193 C1ap9¥9< 0290193 4 14
814L19XX | 819919 [ LI99193X | 81414 | 8I9€I9RT L19€19RZ | 819TIART L19Z193% 9197193 8I019ZX | €q| ¢
L19S19X | 91QSI9RT [ 9I9pI9RX | SIArIART | SIQEIqRR PI9EI9RT | S14TIART 7I19T193Z €14T193% SI019xx | a| ¢
LI191T19%X 9191 193X 919019 Y141 193X €191 193X £19019%% CI91 193X 190193 C19649%X 01999 19 1
or 6€ 3¢ L€ 9¢ 53 [ 3 43 € :
JeA | ON'S

JIey s11J J0J (-] € IUI0J UONBAIASqQ) JOJ [VV] XLIEW JO SJUSWH :5) g d[qe],

14



124L19919£999%% 6149198999993 | 1296199198933 | 619r198999993X_| 619£19899999R% | 12961919893 | 6190198999993X | 61921989129RX | 0cd619C1989R% | 619c190199999%% | £192994
614L197199999%%_| 619919L999%<99R_| 129619919233 | 619r1L499993X | 619c192G9999RX | 1296195 19L93 | 61901L499993X | 1296192192933 | 0cd619219L9R3 | 619019899999 | 9142994
614198999993 _| £19919L499%R99TX_ | 12ALIA914L9RR | L14vI9L99999RR | LIG€19L99999%X | [2ALIGEIALARR | L19CI9LA9999RR | 1cALIGTIALARR | 02ALIGeIaLaRR | 6190194999993 | 91dL4Sq
919919L99999% 129919919L43X 919+19L999993 919€19L999993% 129919€19L9X 919219£999993X 129919219L93% 029919Z19L93 £19019£999993 619,999 619,999
1299199192433 91991dL4SQ59RT_|_ 129919719293 1799196 19L93%_| 919€19L959S9RT_| 1299192 19L93X_| 919CI9LASUSIRR | 614919714L9RR | 914014L999993X £19£999 | £192999
129919919943 129919919S43X_| 12A919¥19993< TZ99T9E19993X_|  [CAOI9E1959RR | 1CA91AC 1999 | 129919C19S9R | 129919CI9pazT_| 129919019293 914,999 | 9142999
129919¢£1999XI 129919€ 19893 129r19€1999XI 129¢€19€ 19993 129¢€19€ 19893 129€ 19219993 129€19T1959XI 129€19219493 129919019993 919,959 91492959
L 933 129919219993X_| 129919219593 124P19219993X | ICAE19CI999%X | 1295 1A21959R% | 129019ei999RR | 129ei9eldsaR | 1292l aclardzs 129€19019993% q
aL 933 02991471999 | 029919219S9<X | 0ZqrI9eiq993% | 0CAEI9CIA99%R | 0cds[ACI9S9RR | 029eiaeid99R | 029eldelasaRy | 0C9elaclardzs 129219019993% q
aL 933 61991471999R% | 619919T19S9TX | 619r192I99933 | 619619219993 | 619 19019SIR | 619e19ei9993% | 6192192I9SITR | 619C19C19pIRR | 0cacl901999%% q
aL 933 T991969993% 29919695933 Tar1969993% T9£1969993% T9£1969593% 29219699933 29219895933 TAT1969P933_| 619219019993% q
619L19219993 179919899943 17991989593 17911989993 179€1989993X 179€1989593X 12921989993 127921989893 127921989+93 12901969943 619219
124£1969993% 029919899933 | 02491989593 | 0carI98999%% | 029€1989993 | 0CAE1989S9RT | 02dcI989993% | 02dcl984sazR | 0cdeld89paz 129019899933 | 12969
129£1989993% 619919899933 | 61991989593 | 619P198999%X | _619€198999TX | 619€19899RT | 61971989993 | 61971989543 | 61921989PARI_| 0290198999 | 12989
029L1989993% 129919299933 | 12991929593 179v19299933 | (1C9E19L999%R | [29€19L959RR | 129219L999R | 129C19L9S9RR | 124TI9LaraRR | 619019899933 | 0298d
61919899933 029919299933 | 0249199593 0CAP1999933 | 0CAEIAL9993% | 029€19L9S9RR | 02921929993 | 029I9LISIRR | 02dTl9LarazR 129019299933 | 61984
129919L4993% 619919299933 | 6199199593 619719299933 | 619€10L993% | 619€19L459R | 619C19L999RX | 6191929933 | 6190I9L9P9RR | 029019299933 | 1caLd
0291929993 81991929993 | 8199199593 | 819p19L499%X | 819e19L999R | 819€192G9RX | 819TI9LA993T | 814TIALASATT | 819CIALAPAT | 619019L499% | 0caLd
619L19L9993X L1991929993% | L199199S93% | L19p19L499%R | L19¢19L999RR | L19€19299R3 | L190I1929993% | L19TI9L9S9%R | L19219L9P9R_| 819019L499%R | 619L9
819L19L9993X 919919299933 | 9199199593 | 919p19L499%X | 919¢19L9993R | 919€192959RX | 9197199993 | 914TIAL4SATR | 91921AL9PaRR | £19019L499%R | 814L9
L19L1929993% 619919999933 12961991933 | 6197199999 | 619£1999994X 1Z9619€ 1933 | 6192199999 12961921933 0296191933 | 91901929993 | 199
L1991929993% 1991999993 1291991433 L19¥19999933 | £19€199999%% T24L19193 | L1921999993% 124L192193% 0TALI9I9RT | 6190199999 | 9199
6192199933993 91991999993 12991991433 91qr19999933_ | 919£1999993X TZ9919€ 193X | 91921999993 12991921933 0TVIATIIRT | L1901999993X | 61999
L19L1999993% 1299199193 | 9199199959 12991971933 129919€ 19| 919€198989% 12091921933 _| 91921959593 61991921933 | 91401999993 | £1994
L1991999993% 919119999933 129919v19 | 19ya199999%% | +19£199999% 129 19E1932_| 1192199999 12aP192193% 0TAP 192193 1299190193 | 91999
1291991433 919£1999993% 12991961933 | $19€199999%X | £19€199999X 12919619 | £192199999% 129€192193% 0TA€19219R | $190199999%X | 91959
L19p19999933 1Z9919€ 1933 | 919E14SASART 124p19€ 1933 TZ4E19€193R_| €19€ 1959593 1Z4E192193% | €1921959893 619€1921933 £1901999993 | #1994
L19€1999993% 919219999933 1291921933 | 71921999993 | €19C199999% 129€192193%_| 192199999% 12921921933 0242192193 1Z9€19019%% | £1999
129L19€ 1933 €19€195959% 129€192 1933 £192195959% 619€19C193% | £190199999%% TCAE19693% | €196959593% 129£1989%% €1989595933 | €195q
L1921999993% 12991921933 | 9192199959 1291921933 129€1921933 | £192199959R 12901921933 | C1921959593T 61971921933 | ¢1901999993% | 1999
1291921933 02991921933 6199192193 02a¥ 1921933 029€ 192193 619€192193% 029192193 | 619219219 | C19219ParaRs 029719019 | 21999 | €€
819L193% 619€ 1921933 029192 193% 6197192193 | C19219pap9RR 029190193 0297196933 6197196933 029219893 61961989k | <19v9 | <t
L198193% 919019999933 1299190143 71901999993 £190199999 129€19019%% | 2190199999 12921901933 0TATI9019RX_| 0190199999 | 01999 | T¢
o 6¢ s¢ L€ 9¢ <€ e 53 € e
J[eY PUO0d3s 10J (-] € WIOJ UONRAIISQ 10) [VV] XLiew Jo SJudwd[y :H ¢ dqeL
L19T19%X 9 129919643 i4 € 129€1969XX [ 129219693 079T19643I | 019699999 6
194699999XX 19699999%X 194699999XX 19699999XX 999 0¢
129L1969%X 129919693 9 12919693 129€1969XX £196959593X 12921969XX 196959893 61921969 12901969 6
196959593 9¢9 6C
L 9 129919843 14 € 12A€1984% [ 129219843 0TqTI989%X | 01989999943 8
194899999 198999993 19899999 19899999 194899999 999 8¢C

15



179L919%X 029L4T19%X 6199193 819L419%X L19L919XX 919L919%X 6191 T9XX 6999 | 6999 0¢
12969L9S9ZX 0C969L9S9TX | 61969L9S9XT | 81969LASITX L1969L9S9%X | 91969L9S9TI 12961969 6459 | 6959 6C
129894L999%X 0T989L999XX | 61989L999TX | 81989L999TX L1984L9993X | 91984L999XX | 619899999XX 8499 | 8999 8T
17989L9S9zX 0T489L9S9TX | 61989L9SATT | 81989LASATX L1984L9S93T | 91989L9S9TT 12961989XX 8469 | 8q¢q LT
12984Lav4zX 0TA84L9PATI | 61989L9PATT | 81984LAPATX L1989L9¥4%X | 91989L9vAXT 02961989 8arq | 8avd 9C
129L9L999%X 0C9L9L999XX | 619L9L999%X | 819L9L999TX L19L£9L999X | 919L9L999XX | 619L99999XX £999 | L9949 ST
61984L9S9XX 179L9L9S9%X | 0TAL9L9S9TX | 619L9L959 819L9L9S9X | L19L9L9S9XZ | 919L9L9S9XI | 1TA6I9LITI | L9859 ¥
61989L9P9XX 179L9L979XX | 0TALAL9PATZ | 619£9L9P9XX | 819LATZLAPART | L19L9L9PART | 919L9L9P9RT | 0TA619LARI | L9¥q €T
61989L9€9XX 179L9L9€9%X | 0TIL9L9EIRT | 619L9L9EIRT 819L9L9€93XX | L19L9L9€9XZ | 919L9L9€9XI | 619819LITI | L9€q (44
12961989XX 12912993 129029L9%X 129619293 129819L93X 129L19L9%X 129919L9%T | 12961999XX 1cq 1c
02961989 02q129L4%T | 0TA0TALIART 029619L9%X 07A8T19L9XX 0C4L19L9TX 029919L9XX | 0TA61999%I 02q 0T
619619893 1T4619L9%X | 0TA619LIRT 619619L9%T 619819L9TI 614L19L9%X 619919L9TT | 61961999 619 61
619819893 1T9819L9%X | 0TA819LITI 619819L9XX 814819L9XX 8T9L19L9TI 819919L9XX | 819619993 819 81
614L1989%X ITILTLIRI | OTILIALIRI 619L19L9TI 819L19L9TT LT9LT9LITI LT9919L9XX | 619L1999% L19 L1
619199893 129919L9%X |  0T9919L9TX 619919L9XX 819914L9%X L19919L93X 919199L9XX | 61991999 | 919 91
61951989 | 179S19ST19LATT | 0TASIQLIRT 6195 19L9XX 819ST4L9I L19S19L93X 919ST19L9XT | 614S1999%X | GIq 9!
61971989 121993 | 0TAPT9L9RZ 619719L9XX 814¥19L93X L199T19L9TT 9T9P19L9TX | 619¥1999%X | $19q 14!
619€1989%X 1TAE19L9%T | 0TAETILIRT 619€1L9RT 819€19L9XT L19€19L9%X 91AET9LATT | 619€T999RX | €19 €1
614719893 1292919L9%X | 0T9TI9LIRT 619C19L93%X L19T19L9%X L19T19L9%X 914TI9LITT | 619CI999%X | TIq [4!
61911989 IT9119L9XX | 0TAI19L93X 6191 19L9XX 819119L9% LT9119L93X 919IT9L9XZ | 61911999 119 11
61901989%X 1T4019L9%X | 0TA0I9LIRZ 619019L9%X 819019L9%X L19019L3X 919019L9XX | 61901999 | 019 0l
6196489 17964L4%X 0296499 61964L9T 819964L9XX L1969L9%X 91964L9ZT 61969994XX 69 6
619489484% 17989L9%X | 0T989L4XX 61989L4XT 814894LAXX £1489L4%X 61989L4%X | 6198999 89 8
619894L4X 129L9L9%Z | 0T9L9L9XX 619L9L9X 814L9LAXX L19L94L9XX 919L4L4XX | 619L999XX L9 L
6198999XX 129L9994%X | 0T9L999%X 619L999%X 819L999XX £19L999%X 919L999XX | 6199999k 99 9
6194894S9X 129L989% | 0T9L9S9TT 619L94S9% 814L9S9XX L19L94S9% 9194L9459% 1296193 Sq S
61989794X 12L999%X 0CTLIPIXX 61L9r94X 81LAv9XX L1LAy9% 91Lar9x 0296193 4 14
6194894£9XT 179L9€94%X | 0T9L9€943X 619L9€9% 814L9€qXX L19L9€9%T 9194L9£4X 6198193 €4 €
6198929XX 129L929%K | 079L929%K 619L929%X 819L979XX L19L929%X 919929k 619519 (4 [
614948919% 129L919%X | 0T9L919%X 619L919%X 814,919 £149L919%X 91494L419%X 6191 193X 19 1
87 Ly 9% Si4 ja4 134 [44 |54 TeA | ON

J1eY ISITJ 10J 8- JUIOJ UONLAINSQQ 10F [VV] XInew Jo Sjuswa Iz Jqel,

16



124129919£9£93 | 129029919L9L93R | 129619919L4L93 | 129819919L4L9R | 129L19919L9L93R | 129919919L9L93R | 129619919L999 1299149 | L194999 | ¢9
129619219L9993X | 029619219L999XX | 619619214L999XX | 619814214L999X | 619L19219L999X | 619919214L999X | 6196192149999 6191999 | 919999 | 29
129619894993 | 02961989499%% | 61961989499 | 619819892Q99%X | 619£19892499%% | 61991984499%R | 6146198999993 6198099 | 919,959 | 19
1296192929993 | 029619L92999%% | 619619L0L499% | 619814L0999%% | 619£19£9L999%% | 619914£42499%R | 619619£G9999%% 619,099 | 61999 | 09
129£19£9999%% | 024L19£92999%% | 619£19£9/Q99%% | 814£19£GQ99%X | £19£19£9£499%% | £19914£G499%R | 619£19£G9999%X 119499 | L1999 | o¢
129919£9499% | 029919£92499%% | 619£19£92499%% | 814£19£9Q99%X | £19919£92499%X | 919914£9A99%X | 619619£49999%X 914£999 | 914Ld%d | 8¢
61991989L959XX 1279919L9L9593 0T9919L9L959%X 619£19L9L959%X 819L19L9L9S9X L19919£9L9S9%X 919919L9L9S9%X 129619919293 | 914,959 LS
12961991989 | 129179919293 | 129029919L93X | 129619919293 | 129819919293 | 12919919293 | 129919919L93R | 129619919943 | 1ewIa | o¢
129619€ 19893 | 129179€ 19293 | 129079€ 1929 | 129619€ 19293 | 129819€ 1993 | 129L19€ 1993 | 129919€ 199X | 129619€19993R [ 1eeeld [ ¢¢
129619219893 | 129129219L9%R | 1290292 19L9%R | 129619219L9R | 129819219L93R | 129L19719L9% | 129919C19L9RR [ 12961921999 | TRIG | ¢
029619219893 | 129079219293 | 029029219293 | 029619214293 | 02981921993 | 0291921993 | 029919T19L93R | 0TA619T1999RR [ 02aeid | ¢
619619719893 | 129619719L9T | 029619T19L9RT | 619619C19L9RT | 619819T19LIT | 619L19T19LIT | 619919T19LIRR [ 619619T1999R | 614 | c¢
12961969893 | 12917969293 | 12907969L93R | 12961969493 | 1298196993 | 129L1969L93R | 1299196993 | 12961969943 | 12969 | ¢
12961989893 | 12917989293 | 12907984L93R | 12961989293 | 127981989293 | 129L1989L93R | 12991984L93R | 12961989993 [ 12989 [ og
02961989893 1202989L9%X | 0290798949 | 02961989L9%X | 107481989L9X | 0TALIG89LARX | 0TA91989L4% | 0T961989993X | 00984 [ 6r
6196198989 | 12961989L9RX [ 0TI61989L9T | 61961989L4X | 61981989L4RT | 619L1989LIRT | 61991989LIRT | 6196198999 | 61984 | gy
12961989493 | 1291292949 | 1790T9L9L9%R | 12961929493 | 129814949 | 1TAL19L9L9%X | 1299199493 | [29914L9993R | 1wua [ up
02961984293 [ 129079L4L9R [ 0T90T9L4L9RR [ 0T9619L9L9R [ 0TISTALALIRR [ 0TILI19L9L9RR [ 0TA919L9L9RR [ 0296192999 | 02ad | oy
61961989L9%X | 129619L9L9X | 0TA619L9L9X | 619619L9L9X | 619819L9L9RT | 619L19L9L9RT | 619919L9L9R | 6196192999 | 6194 | op
61981989L9%X | 129819L9L9X | 0TUSI9L4L9RR | 619819L9L9%X | 819819L4L93X | 81919993 | 819919L9L93X | 819619L999% | 81444 | v
619L1989L9%X [ 129L19L9L9X [ 0TALI9L9L9RX | 619L19L9L9X [ 814L19L9L9R [ L19L19L9L9R | L19919L9L9RR [ 619L19L999% | L1944 | ¢y
61991989L9%X | 12991929L9X | 0TI919L9L9X | 619919L9L9X | 819919L9L9X [ LI4919L9L9X | 919919L9LIX | 619919999 | 914 | 2y
6196198999 [ 1299192999 [ 0TA619L999X | 6196192999 [ 8196194999 [ 619L19L999T | 6199192999 [ 6196199999 | 6194 | 1p
619L198999X | 1299192999 | 0TALI9L999%X | 619L19L999%X | 819L19L999%X | LIGL19L999%X | L19919L999%X | 619L199999% | L1994 | op
6199198999 | 1299194999 | 0TA919L999%X | 6199192999 | 8I9919L999X | LI9919L999X | 919919L999RT | 6199199999 | 91994 | ¢
6199198959 [ 1299194989 [ 029919989 | 619919969 | 8199194989 | £19919L9S9%X | 919919L9S9RR 129619919 | 91asa | g¢
6197198999 | 1TAPI9L999X | 0TIKI9L9993R | 619r19L999%X | 8IAPIALA99RT | L19K19L999RR | 919r19L9993X | 619r199999%R | #1999 | ¢
619£1989993% 129€19£9993 0Z9€19L9993 619€19L9993 819€192999%% L19£192999%% 919€19£999% 619€199999X | €199 | ot
619£1989593% 129€19£9593 0ZA£19L9593 619€19L9593 819€£1929593% L19€192959%% 919€19£959% 129619€ 1933 | 1959 | ot
619219899933 129219£999 029T19L9993 619719L9993 819219299933 19219299933 919719£999% 61921999993 | <194 | ¢
61921989593% 129219£9S93 0242199593 614719L9593 819C19.459%% L19219.959%% 9197149593 1296192193 | <1954 | ¢¢
61989£93X 124L9£93 029L9£93 619L9£93 819.9£93% L19.9£93% 914L9£93T 0798193 | <19 | ce
61489293 124L9293 029L9T9R 619,979 819.479%% L19479%% 9149793 619ST9RX | 0199 | 1t

[ Ly 9% St [ad 34 [42 12 ‘A | ON'S

J[ey puodas I0J (- [ € JUI0J UoNeAIssqQ 10J [VV] XInew Jo SJuoW[ [ g d[qel,

17



1299196999XX | 1T9€196999XX | 1T9C196999XX | 0TATI6999XX 079Z19193X TCA6919%X 1298919XX 0298919ZX | 6999 0¢
1299196459%X | 1TA€1969S9XX | 12ATT1964S9XT | 0TATI969S9TX | 619TIA69SITI | 1TA6964959TX | 12964989594 029698959XX | 6959 6T
1799198999XX | 1TA€T198999XX | 17ATI98999XI | 0TATIA8999XX | 614TIA8999XI | 179698999XX | 1798989994 074848999XX | 8999 8T
12991989593 | 1T9€198959XX | 1TQTI98ASARI | 0TATIY89SATI | 619TT1989S9TI | 1T946989SATX | 1798989SIRT 074848959 | 8959 LT
17991989¥qXX | 1TAET989P9TI | 129C1989PAXI | 0TATIA8APARI | 619TI989PITT | 1T96989PAXI | 1T98989PAXI 0798989F9ZX | 89¥4 9T
1TA919L999%X | 1T9€19L999XX | 1T9TI9LA99RI | 0TATIILI99ZI | 619T19L999XX | 1TIA69LI99IX | 1T989L999RX 0T989L999ZX | L999 ST
129919L959%X | 12A€T19L9S9TI | 12ATI9L9S9RT | 0TATIAL969TX | 619CTTALASATI | 1TA6ALASATI | 12989L9SART 02484L969XX | L9¢9 T
179919L9P9XZ | 129€19L9P9RT | 1T9T19L9P9XZ | 0TATIALAPATI | 619C19L9PART | 1T964L9P9TI | 1T989L9PATI 0C984L9PAXI | L9¥9 €T
129919L9€9XT | 1TA€T19L9€qXI | 129TT9L9€9RT | 0TATIAL9EqRI | 619TTALAEIXT | 1TA6ALAEART | 12989L9€ART 02484L9€9XX | L9€9 7T
1291299193 129179€ 193X 1291292193 129029C 19X 179619219 12917969%X 12917989XX 12902989 1q 1T
1290299193 129029€ 19T 129029CT93X 0290T9T 193X 029619193 12902969%X 129079893 02902A84xX | 0Ta 0T
1296199193 129619€ 19X 1296192193 079619C19XX 619619219 12961969%X 12961989XX 07961984 | 619 61
174819914%X 174819€ 19X 124819C19%X 024819¢ 193X 614819C193X 17481969%X 17481989%X 07981489%X | 819 ST
129L199193X 12ALT9ETAT 129L19CT193T 0T9LT9CT9XT 619L19CT9XT 129L1969%X 1T9L19893 0CAL1984TT | LIq LT
1299199193 129919€193X 1299192193 029919C19XX 6199192193 129919693 129914893 07991984 | 919 91
1295199193 129ST9ET9XT 1295192193 02qs19T19xX 6195 19T19XX 12951969%X 129519893 02461484k | €19 ST
12795199193 129r19€ 19T 129¥19C193T 02ar19C19XX 61971919 17919693 129r1989XX 0Car1984xT | $1q 1
129919€ 19X | 129€19€19% | 129€19C19%T | 029€19CI19%X | 619€19CT19XZ | [TA€T969XX | 129€1989% | 0TIET989X | €149 €l
129919219 | 129€19C19XX | 129219C19%X | 0292192193 | 619219219 | [29C1969XX | 129C1989XX | 0TYTIG89XX | TI9 <l
129914119 | 129€19119%X | 1292191 19X | 0292191193 | 619191 19X | 1T911969XX | 12911989 | OTI]IT989XX | 119 11
1299190193 | 129€19019XX | 124T19019XX | 0TTI9019XX | 619C19019XX | 12901969 | 12901989 | 0T90I989XX | 0149 01
12991969XX 1279€1969%X 129C1969%X | 0T9T1969%X 61921969%X 12969643 12969893 0296989 69 6
179919849%X 1279€1989%X 129C1989%X |  0T9TI989%X 619T1989% 12969894%X 129898943 0298989%X 84 8
129919L9%X 129€19L9%X 129219L9% | 0T9C19L9%X 619219L9%X 12969L9%X 12989L9%X 02989L9%X L9 L
12991999%X 1279€1999XX 12921999%X | 0291999 61921999%X 1296999 12989993 0298999%X 99 9
12991959%X 129€1959% 12921999%X | 0T9T1959%X 61921959% 12969593 12989593 02989593 <q S
129919¥9% 129€1979% 129219793 | 02919993 619219793 12969793 12989993 02989793 4 14
129919¢9X 12A€19¢9X 12919¢9%X | 0TATI9€9RX 619T19€9% TT489€£4XX 17989€£4%X 02989¢94XX €4 €
12991929%X 1279€1929% 12921929% | 0T9C1929%X 6194219293 12969293 1298979 02989794%X [ [4
12991919%X 129€1919%X 129219193 | 0T9CI919%X 619C1919% 12969193 12989193 0298919%X 19 I
9¢ sS S €S s 1S 0s (94 BA | ONT

Jley 1s11J 10J 9G-6 JUIOJ UONBAIASqQ) JOF [VV] XLIEW JO SJuawoy Y] ¢ d[qeL,

18



T T T T | 1291291969933 T T 12991929 c
T9129919€19L9R | 24129919219L9R | 290T9919219L4RR | T9619919T19LIT T412991984L9T | 240T991989LITT 196999 £
1| 1290292192999%% | 0290292199993 | 0261921929993 | 1240T969L999R [ 0 61921999 o
29619€19219993 2961921989993 | 2961921989993 R
129619€198999%% | 12961921924993X | 029619¢19L9993X | 619619T19L999RX | 12961969999XX | 1296198989993 | 0296198989993 oragaa [ o1 1
1296191929993 | 1961921924993 | 0296192192993 | 619619C19LA99RT | 1296196924993 | 1296198924993 | 0C961989L999X oracaoa [~ 6T
124L19€19L9993% | 129L1921929993% | 02AL19T19L999 | 619L1AC1AL999R | 1¢AL19692999RX | 129198929993 | 0CAL1989L9993 clacaoa [ T
1 i [ 0 6 | 12991969L999%X | 12991989L999%X 0 9
79919919£999% | 79919€19£999%R | T9919T19L999 | T9919219L999%R | 19919T19L9943T 2991084999z | 19w | ¥
[ i [ 0 6 | 12991969L9593X | 12991989L4SATT 0 9 ]
7991991998933 | 9919€19L9893R | 29919219299 | 29919214L4S9RT | 19919T19L4SIRR 299148945z | 1L |
12912929199193% | 129179919€193% | 129129919¢19]R | 1290299192193 | 129619919219RX | 12912991969k | 129129919893 | 129079919893 | 129914 | o¢
1291299196193 | 129129cE 19619 | 12A1cdEI9IaRR | 1290CAEI9EI9RR | 129619€19C19RR | 12A1C9E19693% | 12919E1989%R | 129029E 1989 | 12919 | <¢
1291299192193 | 1291c9€19219%% | 1291cdcI9laRR | 129029¢ 192193 | 129619C192193% | 129129c19693% | 12919¢1989%% | 12902921989 | 121 | vs
1290299192193 | 129029€ 19219 | 1290292 192193% | 029029¢192193R_ | 029619T192193% | 129619¢19693% | 129029¢1989%% | 029029cI989 | 0eold | ¢
1296199192193 | 129619€19019%% | 129619219C193% | 029619¢192193% | 619619C192193% | 129619C19693< | 129619¢1989%% | 02961921989k | 61919 | 8
12912991969%X 129129€1964%X 129129219693 12961921969%X 129619T1969%X 12912969643 129129649843 1290796989%X 12969 1S
1241299198933 129129198933 1291297198933 124079719893 | 1296192198933 129129698933 17417989893 | 12902989893 | 12989 | 05
129029919893 129029€ 19893 129029219893 0790292198933 | 02961921989 12902969893 12902989893< | 02902989893 | 02989 | ov
129619919893 129619€1989 1296197198933 0296197198933 | 619619219893 129619698933 12961989893< | 02961989843 | 61989 | s
129129919933 129129 19L93% 1241297 19L93% 1290290 19293% | 129619T1AL9RR 12912964L93% 12912989L93X | 1C0CA899LA%X | 1ead | v
129029919L93 129029€19L93% 1290292 19L93 079029194933 | 029619219L93 12902969L93% 12902989L93% | 0290C989LA%X | 0294 | o
129619919L93% 129619€19L93% 1296192 19L93 079619C19L93X | 61961919L9R 12961969L93% 12961989L93% | 0296198943 | 6199 | ¢
129819919L93 129819€19L93X 1298192 19L93 079819C19L93X | 619819C19L9RT 12981969L93X 12981989L43X | 0C981989A%X | 8199 | o
124L1991929%% 129L19€19L93 129L192 192933 0T9L19C19L93X | 619L19C19L9RT 129L1969L93 124L1989L93X | 0CALI98GL4RX | L1944 | €p
124919919L93 129919 19L93% 129919719L93% 079919719L93R | 619919219293 12991969293 12991989L93X | 0299198943 | 91acd
129619919993 129619£19993X 129619219993 0296197199933 | 61961921999 12961969993 12961989993% | 0¢96198999%% | 61994
12921991999 12921919993 124219219993 07AL19C19993X | 619£19C1999% 12921969993 179L1989993X | 0CILI98999R | L1994
129919919993 129919199933 129919719993 0299197199933 | 61991921999 12991964993 12991989993 | 02991989993 | 91994
129919919593 12991919593 129919219593 0799192198933 | 61991921959 129919695933 12991989593 | 0c99198959%X | 91954
1799191999 129r19€19993X 12919219993 6191971999 12a¥1946999XX 129148999 0297198994 619148999 1999
129919€19993% 129€19€19993% 129€19219993 0T9E19C19993X | 619€19C1999R 129£1969993% 129€1989993% | 0c9€198999%% | £1999
129919€ 1959 129€19€ 195933 129€19719593% 0TAE19T1959%R | 619€1921959R 129£19695933 129€1989593% | 029€198959% | €199
129919219993 129€19219993% 129219219993 0792192199933 | 619219219993 129219699933 12921989993% | 0¢9c198999%% | <1999
129919219593 129€19219593% 1292192195933 079C19C19S93X | 61921921959 TTAT1989593T 129C1989593% | 0¢9c198959%R | <195q
129919219793 129€192197933 12921921979 07921921979 074T19£93% TT989£93% 17989€93 07989€93 | 219t
129919019993 129£1901999%% 129219019993 029219019993 0292192933 729692933 12989293 029892932 | 01999
9 S S €5 [ [ 0S 32
A | ON'S

J[ey puodas 10y 9G-G JUI0J UONEAISSqQ) 10J [ V] XIjew Jo sjuowaly T ¢ dqeL

19



12991969L999XX | 619C19699999XX | 61969899999 | 61969L49999XX | L1969L99999XX | 91964L99999XI 91964L91TITI | 6999 0¢
12991964L9S9X 129619C1969XX 1296196989XX 12961969L9% 129L1969L9%X 12991969L4%X | 91969L9S9SIXT | 6959 6C
179919894L999%X | 619C198999994XX | 61984899999XX | 61984L99999XX | L1989L99999XX | 91989L99999XX 17991984L4%X | 8999 8T
12991989L9S9ZT 129619C1989XX 1296198989 12961989L9%T 129L1989L94%X 12991989L9%X | 91989L9S9SIXT | 8459 LT
179919484L9¥4XX 029619C1984%X 0296198989XX | 0TA61989LIT | 0TALII89LIXT 02991989L9XX 61991989L9X | 84¥4 9T
129919L9L999%X | 619C19L99999XX | 61984L99999XX | 619£9L99999XX | L19£9£99999X | 919£9L99999XX 1TA9T9L9L9TX | L999 ST
129919L9L9S9RT 129619C19L9%X 12961989L9XX 129619L9L93T 129L19L9L9%X 129919L9L4%X | 919L969L9S9% | 4S9 T
129919L9L9P9XZ | 619C1999L9XIP9 | 6198999LAP4TX | 619L999L9P9XX | L19L999L9PATT | 919L999LAPII | 919L9S9L9PAXI | L9¥q €T
129919L9L9€9ZX | 619C1999L94€9XT | 6198999L9€9XX | 619L999L9€ART | L19L999L9€9RT | 919L999L9€9XX | 919L9S9LAEART | L9€q T
129129919L9XX 129619C1999XX 1296198999XX 1296199993 129L19L999XX 129919L999XX 179919L959XX 1q 1T
129029919L9%X 029619C1999XX 0296198999 | 0TA6I19L999%I | 0TALTILI9IRT 029919L999% 029919L9S9%X 0zq 0T
129619919L93X 619T1999XX 61961989994%X 619619L999%X 619L19L999XX 619919L999XX 6199194593 619 61
178199919L9XX 614819C1999%X 6198198999 619819L999%X 814L19L999%X 819919L999%X 819919L959%X 819 81
124LT9919L93X 619L19219993T 619L198999%X 619L19L999%X LT19L19L999%X L19919L999%X L19919L959XX L19 LT
129919919L9XX 619919219993 61991989994%X 619919L999TZ L19919L999XX 919919999 919919L9S9X | 919 91
129919ST9L93X 619519219993 6195T98999%X 619519L999XX L19S19L999%X 9195199993 914S19L95AkX | €19 ST
129919F19L9XX 619719219993 61971989994 619719L999%X L19519L999XX 919a¥19L499%I 919r19L4S9X | $1q 1
129919€T19L93X 619€19C1999%T 6191989993 619€19L999%X LT9€19L999%X 919€19L999% 919€19L95AXX | €19 €l
129919219L93X 619219219993 619C1989994%X 619219L999%X L19219L999XX 919T19L999% 919T19L4S9%X | Z19 4!
129919119L9XX 614T1911999%X 6141198999 614119L999%X L1AT119L999%X 919119L999XX 919119989 | 119 11
129919019L93X 619219019993 6190198999%X 619019L999%X L19019£999%X |" 9190199499 919019L4S9X | 019 01
12991969L9XX 61921969994 6196989993 61964L999XX L1969L999XX 91969L999XX 91969L959XX 69 6
12991989L94%X 6192198999 6198989993 61984L999XX £1989L999XX 91989L999XX 91989L959%X 89 8
129919L9L999%X 619C19L999%X 641989,999%X 619L4L999XX L19L99L999XX 919L94L999XX 919L9L9893X L9 L
129919L999%X 6192199999 614989999993 619L99999XX L19£99999%X 91999999 129919L9%X 99 9
129919L959%X 1296192193 12961989XX 129619L9XX 1T9LT19L93X 129919L9%X 919L969593T Sq S
129919L979%X 029619C193X 02961989 0T9619L9T 0CTALT9LIRZ 079919L9XX 619919L9%X +q 14
129919L9€9XX 619819C193T 614981989TX 619819L9XX 814L19L9%T 819919L9XX L19919L93X £€q 3
129919L929XX 6192199974 61989994793 619L99979XX L19L999T9XX 91999979 919L96979X 79 T
129919L919%X 619C191 19T 61911989 6191T9L9XX L19119L9%T 9TQIT9LITX 919019L94TX 19 1
€9 9 19 09 65 8¢ LS “TBA | ON'S

JIBY ISITY 10§ £9-1G JUTOJ UOTILAIISAQ) 10F V] XLIJRU JO SJUSWal] {INE dlqeL,

20



TCALT9LAL9999%X | 0ZALIALALQ9A99RX | 619LTALALA9G99XK | B1ALIALALA9999 [ LIALIALALG9999 | L1A91ALALG9A00 | LIA91ALALG9ASq [ ET ¢
1TA919L029999X | 029919LALQ9A99TX | 619919L0L9999XX | 814919£A.99999 | L1A91ALALG9999 | O14919LALG9499 | O1919LAL99asq | 0T g
12991424L999543X | 02A914L9LA99SATX | 614919LALA99SATX | BIA9T1GLALA9ASA | LTA91GLALA9ASA | 91A9TGLALAVASA | O1A9TALALASAST | &7
1291299192999ZX 1290249192499%X 1296199192999 | 129819914L4993X | 1292199192999%X | (249199192499 | 129919914L464RT | 129919 | og
129129€ 1929993 129029€ 1424993 129619€192999%% | 129819€1929993% | 12ALIGEI4L99TT | 129914 19099%R | [2491AE1QLASARR | 1C9e1d | <¢
1291292 192999ZX 1290292 1929993 1296192192999 | [129819219L9993X | 1292192192999%X | (2991921929993 | 129919z 14L464RT | 129e1d | s
1290292 142999ZX 0290292 192999 0296192192999 | 0298192192999 | 0CILIGZI9L9993 | 0299192192999 | 0ZA919ZIALASARR | 0cacid | €<
1296192142999 0296192192999 6196191929993 | 6198192192999 | 619LI9ZI9L99TX | 619914719LG99TX | 61A919CIALASARR | 619019 | ¢
12912964L9993% 12902969L9993X 12961969L999%% | 12981969L999%X | 129L1969L9993 | 12991964LA993X | 1299196ALASART | 12969 | s
129127991984LAZT 1296192198999 1296198989993 | 1296198929993 | [2AL19892999X | 12991984LA993X | 12A919892d5AT | 12989 | os
1290299 1484LAZT 0296192198999 0296198989993 | 02A619892999XX | 0CILIA8ALA99RX | 02991989499 | 0CA91989LGSART | 0Casd | o
12961991989L43X 6196192148999 6196198989993% | 619619892999XX | 619L148ALA99XX | 61991989999 | 61991489L9SGRT | 61989 | s
129179919£9L9%X 1296192192999 1296198929993 | _1¢9619£9L999XX | 1dL19L9LA993X | 12991992999 | 1¢9919L9L9S9RR | 124 | 1w
129029919£9L9%R 029619219L9993< 0296198929993 | 029619492999 | 02dLTALALA99RR | 0T99199L999%R | 0CA9TAL9L9SARR | 02 | o
129619914L4LAZT 6196192 19Lq993< 61961989L099%< | 619610292999XX | 619L14LALA99TX | 619L1929L999%X | 61ALIALAL9SART | 6194 | ¢
129819919L9LA% 619819219L9993 61981984L999% | 619819LqL4993 | $14L19,929993X | 819L199L999XX | SI19L19L9L9G9RR | 194 [ or
129L19914L4LAZT 619L19214L9993X 619£1989L999%X | 614L19,9£999 | L19L14LALQ99RX | L1991929L999%X | L1991AL9L9SIRT | L14 | ¢
129919914LALAZX 6199192 14LA99TX 61991989L499%< | 619919242999 | L19914LAL499XX | 91991929L999%X | 91A91ALqL9SqRT | 9194 | ¢
1296199199993 6196192199993 6196198999993 | 619619,999993 | 619214LA99993X | 619619299999 | 1¢A619919L93X | 6199 | 1y
129£19919£999%% 6191921999993 6194198999993 | 619L19£99999%X | L19L19L49999XX | L19L19299999%X | [CALT9919L9RR | L1999 | o
129919919£999%% 6199192199999 6199198999993 | 619919£99999X | £19914LA9999XX | 91991999999 | 1¢A919919L9T | 91999 | ¢
129919919L4SAZX 6199192141243 12961991984%< | 12961991929 | I1CALT9919L93X | 1299199144 | 914919L9SGSqRT | 91959 | s¢
129919719LA993X 6111921999993 61Qr19899999% | 619p19.499993 | L1Ar19.999993X | 919719999993 | [¢9919¥19L9RR | 1999 | ¢
129919£19£999%% 619£1921499993< 619£19899999%X | 619£19£99999 | £19€14LA9999XX | 919£19299999%X | 1¢A91QE19L9RT | €199 | o¢
129919£19£959%R 129619€197193 129619€19893X | 19619€1ALARR | 1¢AL19€199X | 12991AE19L9RR | 919€19£959SART | €14sd | ¢
1299192199993 6191921999993 6197198999993 | 619c19£99999R | £19¢14LA9999X | 919219299999 | 1¢A919T19L9RR | 1999 | e
12999192 19L9593 129619219C193% 619219841C9X | 129619219293 | 12421921993 | 129919219493 | 9192192969S9RR | 2198 | ¢
129919219L9F93R 0296192A19T 193X 079619219893 | 0¢9619C1929RX | 0CALIATIALARR | 0T9919C19L9%R | 619919T19L9R | €laka | ce
129919019LQ99ZX 6192190199999 6190198999993 | £19019£99999XX | £19014LQ9999XX | 919019299999 | 1249190199 | 01999 | e
€9 9 19 09 65 8¢ s ;

JeA | ON'S

J[ey puodas 10 9G-6f JUI0J UoNeAIdsqQ J0J [VV] Xmjew Jo sjuoway :N 7 d[qeL

21



I

1

!

I

T T [ o

7917991991999 | 79619919219£999%T | 79619919892999%X | 29619919,4£999 | 79L19919£9£999 | T991991929.999 | zaoraorqcaasq | ' ¢

129619214L99999%X | 0261921949999 6 6 6 6 6 T s
19619219£99999%% | 19819219499999 | 1919219249999 | 19919214,49994 | 19919z1qLq9asq | "™

TZ961989L49999%X | 0Z961989LA0999RX | 61961989LA0999TX | 61981989L49499 | 619L198GLG9999 | 61491989L49G99 | 6140148AL99s5a | o[

129619L92499993% | 0Z9619L9LA99993X | 619619L9LA99993T | 619619L9L99999 | 619L19LGLI9499 | 614919L9L49999 | 614914,L99s [ 67

22



Table 3: Mixes for Formulation of Model

S/N E Ez E; E4 Es Es E; Es Ey Eio En Epn

Water 0.45 0.55 0.65 0.70 | 045 0.55 0.65 0.70 | 045 0.55 0.65 0.70

Cement | 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

F.A. 1.45 1.45 1.45 1.45 1.45 1.45 1.45 1.45 1.95 1.95 1.95 2.00

CA 175 [ 175 [ 175 [ 175 | 195 | 195 | 195 | 195 | 255 | 255 | 255 | 250
Blend
. 033 [ 033 [ 033 | 033 | 100 | 1.00 | 1.00 | 1.00 | 150 | 1.50 | 1.50 | 1.50
ratio
Time
lag 075 | 075 | 075 | 075 | 150 | 150 | 150 | 1.50 | 225 | 225 | 225 | 225
Table 4: Control Mixes
SIN Ci Ca Cs Cy Cs Ce Cy Cs Co
Water 0.575 0.5 0.6 0.575 0.5 0.6 0.575 0.5 0.6
Cement 1 1 1 1 1 1 1 1 1
F.A. 1.45 1.45 1.45 1.45 1.45 1.45 1.95 1.95 1.95
C.A 1.75 1.75 1.75 2.05 2.05 2.05 2.55 2.55 2.55
Blend 4 53 033 033 1.00 1 1 15 15 15
ratio
Time lag 0.75 0.75 0.75 0.75 1.50 1.50 1.50 1.50 225

The materials used are water, cement, sand, and gravel; but the components of the
mix are water(Sy), cement(S2), F.A(S3),C.A.(S4) blend ratio( Ss) and time lag (Se) for the

purpose of delay in placing the concrete after casting (Kayes, 2016).The total component

S =Si+S2+ S3+S4+S5+Ss and Bi = Si/ S. Table 5A,5B , 5C and 5D shows values of S
and B, while table 4 shows the B-matrix for the concrete mixes. The blend ratio and time
lag especially considered for partially set concrete .The strength of which can be enhanced
by tempering and can be predicted by neural analysis (Kasperkiewicz & Dubrawskp, 1996)
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The laboratory (experimental) strengths are represented in table 6.67

Table 8: Laboratory compressive strength

S/N El E2 E3 E4 E5 E6 E7 E8 E9 E10 Ell E12
Ylab
g{:p- 29.89 | 31.56 | 33.33 | 25.78 | 2844 | 2744 |24.22 | 2622 | 2644 | 18.44 |22.67 |25
N/m?)

The table 6.68 is formed by utilizing the values of Bi from table 6.65 and laboratory compressive strength
shown in table 6.67; [F (B).B] is calculated as follows

Table 9: Values of YB;F(Bi)

2 B,F(B)=25.77

¥ B.BiF(B)=12.27

¥'BiB:BeF(B)=0.60

3B>BsBoF(B)=0.85

2.B,B3B4BF(B)=0.26

B.F(B)=44.18

B,BsF(B)=4.49

B\B1B:F(B)=1.58

3B;B:BsF(B)=1.94

2 BiB3BsBF(B)=0.102

> B3F(B)=68.89

2 B:BeF(B)=7.63

> BB3BsF(B)=0.54

2 B;BiBF(B)=3.3

> BB.BsBcF(B)=0.132

B.F(B)=87.562

> B3B4F(B)=19.03

B B;BF(B)=0.94

>B:BsBsF(B)=1.41

> B»B3;B.BsF(B)=0.25

YBsF(B)=35.11

Y B3BsF(B)=7.25

SB,B.BsF(B)=0.703

B.B;sBF(B)=1.83

3 B,B;BiBoF(B)=0.449

Y BeF(B)=57.90

S BiBeF(B)=12.17

YBiB:BsF(B)=12

BiB:B3B.F(B)=0.23

3'B,B;BsBeF(B)=0.176

YB/B.F(B)=3.7

Y BiBsF(B)=9.37

B BsBeF(B)=0.49

SB,B,B:BsF(B)=0.073

S B,B.B;sBeF(B)=0.228

YBiBsF(B)=5.65

Y BiBsF(B)=15.62

YB,BiB.F(B)=272

¥'B\B.B:B¢F(B)=0.132

Y B3B.BsBeF(B)=0.37

> BB,F(B)=7.13

S BsBeF(B)=6.94

S B,B;BsF(B)=0.94

SB,B,B,BsF(B)=0.094

SBB,B;BBsF(B)=0.02

YBiBsF(B)=2.61

3 BiB,B:F(B)=0.082

3B,B3BgF(B)=1.63

2 B,B,BBF(B)=0.167

2 B,B,B3B.BF(B)=0.036

YBIBeF(B)=4.44

¥ B,B,BF(B)=1.03

>B:B.BsF(B)=1.21

3B, B,BsBF(B)=0.063

2 B,B,B3BsBF(B)=0.013

B,B;F(B)=9.71

B\B,B;F(B)=0.34

B.B.BeF(B)=2.08

> BIB3B4B5F(B)=0.148

2 BiB,B4BsBsF(B)=0.017

YB1B;BiBsBeF(B)
=0.027

> B:B;B4B;sBeF(B)
=0.0471

Y BiB:B;B4BsBsF(B)
=0.0035

Putting [F (B).B] and [AA], in equation 13, the coefficients [xi] of the model as shown in table 10
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Table 10: Coefficient of Model

AA INVERSE x SB1F(B)= X
X1= X2= X3= X4= X5= X6= X12= X13= X14=
0.0928 012347 | -0.18583 | -13.4048 | -0.01109 0.00955 -0.3457 -0.53469 0.00481
X15= X16= X23= X24= X25= X26= X34= X35= X36=
-3.10899 1005252 | 0.68937 0.1842 1877.98 -0.00055 | 475E-05 | 1.057153 | 0.000099
X45= X46= X56= X123= X124= X125= X126= X134= X135=

2.40E-05 1.643218 -0.01374 7.128595 4.763646 0.000348 -0.04971 0.045062 4.769351

X136= X145= X146= X156= X234= X235= X236= X245= X246=
-1.50978763 -5.02513 -3.46252 -0.00136 6754.377 10.43622 -0.00606 -1.63699 2.53588

X256= X345= X346= X356= X456= X1234= X1235= X1236= X1245=
146585.67 -16.2957 -3405.16 0.796477 9726.755 -6347.3 -189.684 -67978.9 265439
X1246= X1256= X1345= X1346= X1356= X1456=- X2345=- X2346= X2356=
-74.1936 -384278 -1056.77 24.39334 24.39334 0.001012 16.35083 869.8859 605040.8

X2456= X3456= X12345= X12346= X12356= X12456= X13456= X23456= X123456=
-557135.29 -28248.7 0.52006 1910.54 -309064 -910.191 -1.07179 -0.77011 605040.8

Y1=0.0928B+ 0.12347B,-0.18583B3-13.4048B4-0.01.109B5+0.00955B-0.3457BB>-
0.53469BB3+0.00481BB4-3.10899BB5-0.05252BBs+0.68937B,B3+0.1842B2B4+1877.98B,Bs-
0.00055B2B¢+4.75E-05B3B4+1.057153B3B5+0.000099B3B¢+2.40E-05B4Bs+1.643218B4Bg¢-
0.01374B5B¢+7.128595B1B2B3+4.763646BB,B4+0.000348BB2Bs-
0.04971B1B2B6+0.045062B1B3B4+4.769351B1B3Bs--1.50979B1B3B¢-5.02513B1B4Bs-
3.46252B1B4Bs-0.00136BBsBs+6754.377B,B3B4+10.43622B,B3B5-0.00606B2B3Bs-
1.63699B:B4Bs+2.53588B2B4B6+146585.7B2B5Bs-16.2957B3B4Bs-
3405.16B3B4Bs+0.796477B3BsB+9726.755B4B5Bs-6347.3B1B2B3B4-189.684BB2B3Bs-
67978.9B1B2B3B6+265439B1B2B4Bs-74.1936B1B2B4Bs-384278B1B2BsBs-

1056.77B 1B3B4B5+24.39334B1B3B4B6+24439334B1B3B5B6—0.001012B1B4B5B6—
16.35083B,B3B4Bs+869.8859B,B3B4Bs+605040.8B2B3BsBs—557135B2B4B;sBs-
28248.7B3B4B5B6+0.520066B1B2B3B4Bs+1910.54B1B2B3B4Bs—309064BB2B3B;sBs-
910.191B1B2B4B5Bs-1.07179B1B3B4B5B6-0.77011B>B3B4B5Bs+605040.8B 1 B2B3B4B5Bs

Recalling the coefficients x;, the mix ratios of table 7, the compressive strength predicted by model
calculated as shown in table 8, along with their laboratory equivalent used in model formulation for 12
trial concrete mixes , and using the relationship XiX [AA] =Ywmodi table 11A and 11B is formulated as
below
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Table 11 A: Calculation of predicted values of model for first 1-55 Variables

Xi Ei Ex Es E4 Es Eo E7 Es Eo Eio En Ei2

1 0.0928 0.079 0.094 0.110 0.117 0.061 0.074 0.086 0.092 0.046 0.056 0.066 0.070
2 0.1235 0.175 0.172 0.169 0.167 0.136 0.134 0.132 0.132 0.103 0.102 0.101 0.101
3 -0.1858 0.253 0.249 0.245 0.242 0.197 0.195 0.192 0.191 0.201 0.199 0.197 0.201
4 -13.404 0.305 0.300 0.295 0.293 0.265 0.262 0.258 0.257 0.263 0.260 0.258 0.251
5 -0.0111 0.058 0.057 0.056 0.055 0.136 0.134 0.132 0.132 0.155 0.153 0.152 0.151
6 0.0096 0.131 0.129 0.126 0.125 0.204 0.201 0.199 0.197 0.232 0.230 0.227 0.226
7 -0.3457 0.014 0.016 0.018 0.020 0.008 0.010 0.011 0.012 0.005 0.006 0.007 0.007
8 -0.5347 0.020 0.023 0.027 0.028 0.012 0.014 0.017 0.018 0.009 0.011 0.013 0.014
9 0.0048 0.024 0.028 0.032 0.034 0.016 0.019 0.022 0.024 0.012 0.015 0.017 0.018
10 -3.109 0.005 0.005 0.006 0.006 0.008 0.010 0.011 0.012 0.007 0.009 0.010 0.011
1 -0.0525 0.010 0.012 0.014 0.015 0.012 0.015 0.017 0.018 0.011 0.013 0.015 0.016
12 -0.6894 0.044 0.043 0.041 0.041 0.027 0.026 0.025 0.025 0.021 0.020 0.020 0.020
13 0.1843 0.053 0.051 0.050 0.049 0.036 0.035 0.034 0.034 0.027 0.027 0.026 0.025
14 1877.98 0.010 0.010 0.009 0.009 0.019 0.018 0.018 0.017 0.016 0.016 0.015 0.015
is -0.0006 0.023 0.022 0.021 0.021 0.028 0.027 0.026 0.026 0.024 0.023 0.023 0.023
16 4.7E-05 0.077 0.075 0.072 0.071 0.052 0.051 0.050 0.049 0.053 0.052 0.051 0.051
17 1.057 0.015 0.014 0.014 0.013 0.027 0.026 0.025 0.025 0.031 0.030 0.030 0.030
18 9.9E-05 0.033 0.032 0.031 0.030 0.040 0.039 0.038 0.038 0.047 0.046 0.045 0.045
19 2.4E-05 0.018 0.017 0.016 0.016 0.036 0.035 0.034 0.034 0.041 0.040 0.039 0.038
20 1.643 0.040 0.039 0.037 0.037 0.054 0.053 0.051 0.051 0.061 0.060 0.059 0.057
21 -0.014 0.008 0.007 0.007 0.007 0.028 0.027 0.026 0.026 0.036 0.035 0.034 0.034
2 7.129 0.003 0.004 0.005 0.005 0.002 0.002 0.002 0.002 0.001 0.001 0.001 0.001
23 4.764 0.004 0.005 0.005 0.006 0.002 0.003 0.003 0.003 0.001 0.001 0.002 0.002
2% 0.000 0.001 0.001 0.001 0.001 0.001 0.001 0.002 0.002 0.001 0.001 0.001 0.001
25 -0.050 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.001 0.001 0.002 0.002
2% 0.045 0.006 0.007 0.008 0.008 0.003 0.004 0.004 0.005 0.002 0.003 0.003 0.004
27 4.769 0.001 0.001 0.001 0.002 0.002 0.002 0.002 0.002 0.001 0.002 0.002 0.002
2% -1.510 0.003 0.003 0.003 0.004 0.002 0.003 0.003 0.003 0.002 0.003 0.003 0.003
29 -5.025 0.001 0.002 0.002 0.002 0.002 0.003 0.003 0.003 0.002 0.002 0.003 0.003
30 -3.463 0.003 0.004 0.004 0.004 0.003 0.004 0.004 0.005 0.003 0.003 0.004 0.004
31 -0.001 0.001 0.001 0.001 0.001 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
2 67543 0.013 0.013 0.012 0.012 0.007 0.007 0.007 0.006 0.005 0.005 0.005 0.005
33 10.43 | 0.0025 | 0.0024 | 0.0023 0.0022 | 0.0037 0.0035 | 0.0034 | 0.0033 | 0.0032 | 0.0031 | 0.0030 | 0.0030
3 | -0.00605 | 0.0058 | 0.0055 | 0.0052 0.0051 | 0.0055 [ 0.0053 | 0.0051 | 0.0050 | 0.0048 | 0.0047 | 0.0045 | 0.0046
35 -1.63 | 0.0031 | 0.0029 | 0.0028 0.00271..0:0049 | 0.0047 | 0.0045 | 0.0044 | 0.0042 | 0.0041 | 0.0039 | 0.0038
36 2.5358 | 0.0070 | 0.0066 | 0.0063 0.0061 | 0.0074 [ 0.0071 | 0.0068 | 0.0067 | 0.0063 | 0.0061 | 0.0059 | 0.0057
37 146585 | 0.0013 | 0.0012 | 0.0012 0.0012 | 0.0038 0.0036 | 0.0035 | 0.0034 | 0.0037 | 0.0036 | 0.0035 | 0.0034
38 -16.295 | 0.0045 | 0.0042 | 0.0040 0.0039 | 0.0071 0.0068 | 0.0066 | 0.0064 | 0.0082 | 0.0079 | 0.0077 | 0.0076
3 | -3405.15 | 0.0101 | 0.0096 | 0.0091 0.0089 | 0.0107 0.0103 | 0.0099 | 0.0097 | 0.0123 | 0.0119 | 0.0115 | 0.0114
40 0.7964 | 0.0019 | 0.0018 | 0.0017 0.0017 | 0.0055 0.0053 | 0.0051 | 0.0050 | 0.0072 | 0.0070 | 0.0068 | 0.0069
a1 | 9726.755 | 0.0023 | 0.0022 | 0.0021 0.0020 | 0.0074 | 0.0071 | 0.0068 | 0.0067 | 0.0094 | 0.0091 | 0.0089 | 0.0086
4 -6347.3 | 0.0011 | 0.0012 | 0.0013 0.0014 | 0.0004 | 0.0005 | 0.0006 | 0.0006 | 0.0003 | 0.0003 | 0.0003 | 0.0004
43 -189.68 | 0.0002 | 0.0002 | 0.0003 0.0003 | 0.0002 | 0.0003 | 0.0003 | 0.0003 | 0.0001 | 0.0002 | 0.0002 | 0.0002
a4 -67978 | 0.0005 | 0.0005 | 0.0006 0.0006 | 0.0003 0.0004 | 0.0004 | 0.0005 | 0.0002 | 0.0003 | 0.0003 | 0.0003
45 265439 | 0.0002 | 0.0003 | 0.0003 0.0003 | 0.0003 [ 0.0003 | 0.0004 | 0.0004 | 0.0002 | 0.0002 | 0.0003 | 0.0003
46 -74.19 | 0.0005 | 0.0006 | 0.0007 0.0007 | 0.0005 0.0005 | 0.0006 | 0.0006 | 0.0003 | 0.0003 | 0.0004 | 0.0004
41 -38427 | 0.0001 | 0.0001 | 0.0001 0.0001 | 0.0002 | 0.0003 | 0.0003 | 0.0003 | 0.0002 | 0.0002 | 0.0002 | 0.0002
48 -1056.7 | 0.0004 | 0.0004 | 0.0004 0.0005 | 0.0004 | 0.0005 | 0.0006 | 0.0006 | 0.0004 | 0.0004 | 0.0005 | 0.0005
% 2.751 | 0.0008 | 0.0009 | 0.0010 0.0010 | 0.0007 [ 0.0008 | 0.0008 | 0.0009 | 0.0006 | 0.0007 | 0.0008 | 0.0008
50 24.393 | 0.0002 | 0.0002 | 0.0002 0.0002 | 0.0003 0.0004 | 0.0004 | 0.0005 | 0.0003 | 0.0004 | 0.0004 | 0.0005
51 0.00101 | 0.0002 | 0.0002 | 0.0002 0.0002 | 0.0005 0.0005 | 0.0006 | 0.0006 | 0.0004 | 0.0005 | 0.0006 | 0.0006
52 16.35 | 0.0008 | 0.0007 | 0.0007 0.0007 | 0.0010 | 0.0009 | 0.0009 | 0.0008 | 0.0008 | 0.0008 | 0.0008 | 0.0008
53 869.88 | 0.0018 | 0.0016 | 0.0015 0.0015 | 0.0015 | 0.0014 | 0.0013 | 0.0013 | 0.0013 | 0.0012 | 0.0012 | 0.0011
54 0.148 | 0.0003 | 0.0003 | 0.0003 0.0003 | 0.0007 0.0007 | 0.0007 | 0.0007 | 0.0007 | 0.0007 | 0.0007 | 0.0007
55 -557135 | 0.0004 | 0.0004 | 0.0004 0.0003 | 0.0010 | 0.0010 | 0.0009 | 0.0009 | 0.0010 | 0.0009 | 0.0009 | 0.0009
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Table 11 B: Calculation of predicted values of model for 56-63

Xi Ei Ey Es E4 Es Ee E; Es Ey Ei En Ep

56 | -28248.7 | 0.00058 | 0.00054 | 0.00051 | 0.00049 | 0.00145 | 0.00138 | 0.00131 | 0.00127 | 0.00190 | 0.00182 | 0.00175 | 0.00172

57 0.52 0.00006 | 0.00007 | 0.00007 | 0.00008 | 0.00006 | 0.00007 | 0.00008 | 0.00008 | 0.00004 | 0.00005 | 0.00005 | 0.00005

58 1910.5 0.00014 | 0.00016 | 0.00017 | 0.00017 | 0.00009 | 0.00010 | 0.00011 | 0.00012 | 0.00006 | 0.00007 | 0.00008 | 0.00008

59 | -309063 | 0.00003 | 0.00003 | 0.00003 | 0.00003 | 0.00005 | 0.00005 | 0.00006 | 0.00006 | 0.00003 | 0.00004 | 0.00005 | 0.00005

60 -910.19 0.00003 | 0.00004 | 0.00004 | 0.00004 | 0.00006 | 0.00007 | 0.00008 | 0.00008 | 0.00005 | 0.00005 | 0.00006 | 0.00006

61 -1.071 0.00005 | 0.00005 | 0.00006 | 0.00006 | 0.00009 | 0.00010 | 0.00011 | 0.00012 | 0.00009 | 0.00010 | 0.00012 | 0.00012

62 -0.77 0.00010 | 0.00009 | 0.00009 | 0.00008 | 0.00020 | 0.00019 | 0.00017 | 0.00017 | 0.00020 | 0.00019 | 0.00018 | 0.00017

63 | 605040.7 | 0.00001 | 0.00001 | 0.00001 | 0.00001 | 0.00001 | 0.00001 | 0.00002 | 0.00002 | 0.00001 | 0.00001 | 0.00001 | 0.00001

Predicted
Strength 31.17 30.43 29.67 29.29 28.35 27.02 25.77 25.18 24.57 2247 20.52 24.98

Recalling the coefficients x;, the mix ratios of table 10, the compressive strength predicted by model
calculated as shown in table 11, along with their laboratory equivalent used in model formulation for 9
control concrete mixes , and using the relationship xix [AA]=Ymodel table 12A and 12B is formulated
as below .

Table 12 A: Calculation of predicted values of model for control specimens for 1-34 Variables

Xi Ei Ex Es E4 Es Eo E7 Es Eo

Il 0.0928 | 0.098 0.087 0.102 0.077 0.068 0.080 0.062 0.054 0.064
2 0.1235 | 0.171 0.173 0.170 0.134 0.135 0.133 0.107 0.108 0.107
3 -0.1858 | 0.248 0.251 0.247 0.194 0.196 0.193 0.155 0.157 0.155
4 -13.404 | 0.299 0.303 0.298 0.261 0.264 0.260 0.273 0.276 0.273
s -0.0111 | 0.056 0.057 0.056 0.134 0.135 0.133 0.161 0.162 0.160
6

7

8

9

0.0096 | 0.128 0.130 0.128 0.201 0.203 0.200 0.241 0.243 0.241
-0.3457 | 0.017 0.015 0.017 0.010 0.009 0.011 0.007 0.006 0.007
-0.5347 | 0.024 0.022 0.025 0.015 0.013 0.015 0.010 0.008 0.010

0.0048 | 0.029 0.026 0.030 0.020 0.018 0.021 0.017 0.015 0.018
10 -3.109 | 0.006 0.005 0.006 0.010 0.009 0.011 0.010 0.009 0.010
1 -0.0525 | 0.013 0.011 0.013 0.015 0.014 0.016 0.015 0.013 0.015
12 -0.6894 | 0.042 0.043 0.042 0.026 0.026 0.026 0.017 0.017 0.017
13 0.1843 | 0.051 0.052 0.051 0.035 0.036 0.035 0.029 0.030 0.029
14 1877.98 | 0.010 0.010" |, 0.010 0.018 0.018 0.018 0.017 0.018 0.017
15 -0.0006 | 0.022 0.022 0.022 0.027 0.027 0.027 0.026 0.026 0.026
16 4.7E-05 | 0.074 0.076 0.073 0.051 0.052 0.050 0.043 0.043 0.042
17 1.057 | 0.014 0.014 0.014 0.026 0.026 0.026 0.025 0.025 0.025
18 9.9E-05 | 0.032 0.033 0.031 0.039 0.040 0.039 0.038 0.038 0.037
19 24E-05 | 0.017 0.017 0.017 0.035 0.036 0.035 0.044 0.045 0.044

20 1.643 | 0.038 0.039 0.038 0.052 0.053 0.052 0.066 0.067 0.066
21 -0.014 | 0.007 0.007 0.007 0.027 0.027 0.027 0.039 0.039 0.039
2 7.129 | 0.004 0.004 0.004 0.002 0.002 0.002 0.001 0.001 0.001
2 4.764 | 0.005 0.005 0.005 0.003 0.002 0.003 0.002 0.002 0.002

2 0.0001 | 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
25 -0.050 | 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.001 0.002
26 0.045 | 0.007 0.007 0.007 0.004 0.003 0.004 0.003 0.002 0.003

27 4.769 | 0.001 0.001 0.001 0.002 0.002 0.002 0.002 0.001 0.002
28 -1.510 | 0.003 0.003 0.003 0.003 0.003 0.003 0.002 0.002 0.002
2 -5.025 | 0.002 0.001 0.002 0.003 0.002 0.003 0.003 0.002 0.003

30 -3.463 | 0.004 0.003 0.004 0.004 0.004 0.004 0.004 0.004 0.004
31 -0.001 | 0.001 0.001 0.001 0.002 0.002 0.002 0.002 0.002 0.002
3 67543 | 0.013 0.013 0.012 0.007 0.007 0.007 0.005 0.005 0.005
33 1043 | 0.002 0.002 0.002 0.003 0.004 0.003 0.003 0.003 0.003
34 | -0.00605 | 0.005 0.006 0.005 0.005 0.005 0.005 0.004 0.004 0.004
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Table 12 B: Calculation of predicted values of model for control specimens for 35-63 Variables

Xi Ei Ex Es E4 Es Es E7 Es Ey
35 -1.63 | 0.00288 | 0.00299 | 0.00284 | 0.00467 | 0.00481 | 0.00462 | 0.00472 | 0.00483 | 0.00468
36 2.5358 | 0.00654 | 0.00680 | 0.00646 | 0.00700 | 0.00722 | 0.00693 | 0.00708 | 0.00725 | 0.00702
37 146585 | 0.00123 | 0.00128 | 0.00122 | 0.00359 | 0.00370 | 0.00356 | 0.00416 | 0.00426 | 0.00413
3 -16.295 | 0.00417 | 0.00434 | 0.00412 | 0.00677 | 0.00698 | 0.00670 | 0.00684 | 0.00701 | 0.00679
39 | -3405.15 | 0.00948 | 0.00986 | 0.00936 | 0.01015 | 0.01047 | 0.01005 | 0.01026 | 0.01051 | 0.01018
40 0.7964 | 0.00179 | 0.00186 | 0.00177 | 0.00521 | 0.00537 | 0.00516 | 0.00604 | 0.00618 | 0.00599
41| 9726.755 | 0.00216 | 0.00224 | 0.00213 | 0.00700 | 0.00722 | 0.00693 | 0.01061 | 0.01087 | 0.01053
42 -6347.3 | 0.00124 | 0.00114 | 0.00127 | 0.00052 | 0.00047 | 0.00054 [ 0.00028 | 0.00025 | 0.00029
43 -189.68 | 0.00023 | 0.00021 | 0.00024 | 0.00027 | 0.00024 | 0.00027 | 0.00017 | 0.00015 | 0.00017
“ -67978 | 0.00053 | 0.00049 | 0.00055 | 0.00040 | 0.00036 | 0.00041 | 0.00025 | 0.00022 | 0.00026
45 265439 | 0.00028 | 0.00026 | 0.00029 | 0.00036 | 0.00033 | 0.00037 | 0.00029 | 0.00026 | 0.00030
46 -74.19 | 0.00064 | 0.00059 | 0.00066 | 0.00054 | 0.00049 | 0.00055 | 0.00044 | 0.00039 | 0.00045
4 -38427 | 0.00012 | 0.00011 | 0.00012 | 0.00028 | 0.00025 | 0.00028 | 0.00026 | 0.00023 | 0.00026
48 -1056.7 | 0.00041 | 0.00038 | 0.00042 | 0.00052 | 0.00047 | 0.00054 [ 0.00042 | 0.00038 | 0.00044
49 2.751 | 0.00093 | 0.00085 | 0.00096 | 0.00078 | 0.00071 | 0.00080 | 0.00063 | 0.00057 | 0.00065
50 24.393 | 0.00018 | 0.00016 | 0.00018 | 0.00040 | 0.00036 | 0.00041 | 0.00037 | 0.00033 | 0.00038
51 0.00101 | 0.00021 | 0.00019 | 0.00022 | 0.00054 | 0.00049 | 0.00055 | 0.00065 | 0.00059 | 0.00068
52 16.35 | 0.00071 | 0.00075 | 0.00070 | 0.00091 | 0.00094 | 0.00089 | 0.00073 | 0.00076 | 0.00073
53 869.88 | 0.00162 | 0.00171 | 0.00159 | 0.00136 | 0.00141 | 0.00134 | 0.00110 | 0.00114 | 0.00109
54 0.148 | 0.00031 | 0.00032 | 0.00030 | 0.00070 | 0.00073 | 0.00069 | 0.00065 | 0.00067 | 0.00064
55 -557135 | 0.00037 | 0.00039 | 0.00036 | 0.00094 | 0.00098 | 0.00092 | 0.00114 | 0.00118 | 0.00113
56 | -28248.7 | 0.00053 | 0.00056 | 0.00053 | 0.00136 | 0.00141 | 0.00134 | 0.00165 | 0.00170 | 0.00163
57 0.52 0.00007 | 0.00006 | 0.00007 | 0.00007 | 0.00006 | 0:00007 | 0.00005 | 0.00004 | 0.00005
58 1910.5 0.00016 | 0.00015 | 0.00016 | 0.00010 | 0.00010 |-0.00011 | 0.00007 | 0.00006 | 0.00007
59 | -309063 | 0.00003 | 0.00003 | 0.00003 | 0.00005 | 0.00005-].0.00005 | 0.00004 | 0.00004 | 0.00004
60 | -910.19 0.00004 | 0.00003 | 0.00004 | 0.00007 | 0.00007-] 0.00007 | 0.00007 | 0.00006 | 0.00007
61 -1.071 0.00005 | 0.00005 | 0.00005 | 0.00010 | 0.00010 | 0.00011 | 0.00010 | 0.00009 | 0.00010
62 -0.77 0.00009 | 0.00010 | 0.00009 | 0.00018 |~0.00019 | 0.00018 | 0.00018 | 0.00018 | 0.00017
63 | 605040.7 | 0.00001 | 0.00001 | 0.00001 | 0.00001 |-0.00001 | 0.00001 | 0.00001 | 0.00001 | 0.00001
Predicted

Strength 30.24 | 30.80 | 30.05 | 2670 | 27.67 | 2638 | 11.94 | 12.24 | 11.85

The laboratory strength values obtained from actual experiments and model predicted strength values
for trial and control concrete specimens is shown in table 13 Fisher F- test is adapted on the
compressive strength from the model using the nine control specimen strength values.

Table 13: Compressive Strength from Laboratory and Model

Model formulation mixes

SIN El E2 E3 E4 E5 E6 E7 E8 E9 E10 Ell | EI2
Y‘“‘&ﬁ:lz)Yp' 2989 | 31.56 | 3333 | 25.78 | 2844 | 27.44 | 2422 | 2622 | 2644 | 1844 | 2267 | 25
Yyl N/m?) | 31.17 | 3042 | 29.67 | 29.29 | 28.35 | 27.01 | 2577 | 25.179 | 2457 | 22.474 | 2051 | 24.9

Control Mixes

SIN Cl &) 3 c4 cs c6 c7 cs 9
Ylab (= Yp-

N/m?) 295 | 285 | 279 27 26.7 27 14.5 141 | 13.95
YModel(N/m?) | 30.23 | 308 | 30.05 | 26.69 | 2767 | 2638 | 11.94 | 1223 | 11.84
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The relationship of lab strength vs. model strength for model formulation mixes is shown in
figure 1 and figure 2 indicates the variation of lab strength and predicted model strength for

control mixes.
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Graph 1: Representation of Lab Strength Vs Model Strength for Model formulation mixes
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Graph 2: Representation of Lab Strength Vs Model Strength for Control Mixes

89




Table 14: Fisher F- tests on the compressive strength from the model using the nine control

specimens.
S/IN Ci C Cs C4 Cs Cs Cr Cs Cy Total
Yrab Mean(yP)
(= Yp- =yYr/N
N/mm?) 29.5 28.5 279 27 26.7 27 14.5 14.10 13.95 209.15 | 23.23
Y Model Mean(yM)
(N/mm?) 30.23 30.80 30.05 | 26.69 27.67 | 26.38 | 11.943 | 12.23 11.84 207.87 | 22.71 =>Ym/N
Ye-Yp 6.26 5.261 4.66 3.76 3.46 3.76 -8.739 | -9.139 | -9.289
Y - v -1645 | -17.45 | 733 3.98 4.96 3.67 10.770 | -1047 | -10.86
SPi=Y (Y™ -
(Yr - Yp)? 0.60 27.67 21.7 14.14 11.97 | 14.14 | 76.368 | 83.51 86.28 33645 | 42.05 Yw)*(N-1)
SPo=Y(Yp -
(Ym - §m)? 26.07 304.58 | 53.8 15.88 24.61 | 1347 | 1159 109.72 | 118.07 | 78225 | 97.78 Yp)(N-1)
Mean(yP)=
>Yr/N 23.23
Mean(yM)=
Yu /N 22.71
SPi=) (Yp -
Yp)2/(N-1) 42.05
§Pz=2(YM-
Ywm)*/(N-1) 97.78
S1%/82%=
42.05/97.78
0.43
From
statistic
tables pa=0.05(8.8) F=3.44 1/F= 0.2906
Thus, the (1/f) <SP1S2* < F
condition
0.2906<0.43 <3.44

1/f <S1¥S22<F has been satisfied. Therefore, the difference between lab result and model result is not significant
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Table 15: S and Z Values for twelve concrete specimens

Water (S1) 0.45 0.55 0.65 0.7 0.45 0.55 0.65 0.7 0.45 0.55 0.65 0.7
(Cement)S2 1 1 1 1 1 1 1 1 1 1 1 1
(F.A)S3 145 145 1.45 1.45 145 145 1.45 1.45 1.95 1.95 1.95 2
(C.A)S4 1.75 1.75 1.75 1.75 1.95 1.95 1.95 1.95 2.55 2.55 2.55 2.5
(1)Ss 0.33 0.33 0.33 0.33 1 1 1 1 1.5 1.5 1.5 1.5
(t) Se 0.75 0.75 0.75 0.75 1.5 1.5 1.5 1.5 2.25 2.25 2.25 2.25
(Total) S 5.73 5.83 5.93 5.98 7.35 7.45 7.55 7.6 9.7 9.8 9.9 9.95
7 0.0785 | 0.0943 | 0.1096 | 0.1171 | 0.0612 | 0.0738 | 0.0861 0.0921 0.0464 0.0561 0.0657 | 0.0704
Z> 0.1745 | 0.1715 | 0.1686 | 0.1672 | 0.1361 | 0.1342 | 0.1325 | 0.1316 | 0.1031 0.1020 | 0.1010 | 0.1005
Z3 0.2531 | 0.2487 | 0.2445 | 0.2425 | 0.1973 | 0.1946 | 0.1921 0.1908 | 0.2010 0.1990 | 0.1970 | 0.2010
2 0.3054 | 0.3002 | 0.2951 | 0.2926 | 0.2653 | 0.2617 | 0.2583 | 0.2566 | 0.2629 02602 | 0.2576 | 0.2513
Zs 0.0576 | 0.0566 | 0.0556 | 0.0552 | 0.1361 | 0.1342-| 0.1325 | 0.1316 | 0.1546 0.1531 0.1515 | 0.1508
Zs 0.1309 | 0.1286 | 0.1265 | 0.1254 | 0.2041 (| 0.2013 | 0.1987 | 0.1974 | 0.2320 02296 | 0.2273 | 0.2261
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Table 16: Lab and predicted strengths for different curing conditions

WooAos WaiAg WisAus WorAz WasAgo
Lab Predicted | Lab Predicted | Lab Predicted Lab Predicted | Lab Predicted
Obs Tensile Tensile Tensile | Tensile Tensile Tensile Tensile Tensile Tensile Tensile
No. Strength | Strength Strength | Strength Strength Strength Strength | Strength Strength | Strength
(MPa) (Mpa) (MPa) (Mpa) (MPa) (Mpa) (MPa) (Mpa) (MPa) (Mpa)
1 2.29 2.15 2.11 1.93 2.44 2.37 2.56 2.24 22 2.33
2 2.8 3.04 2.68 2.94 2.58 2.85 2.56 3.05 3.13 2.96
3 3.81 3.8 3.62 3.82 391 3.46 3.55 3.76 3.69 3.5
4 4.24 4.15 4.49 4.22 3.56 3.82 4.45 4.07 3.51 3.74
5 2.31 2.16 1.97 1.83 1.87 1.88 2.57 2.3 1.7 1.59
6 2.67 2.99 2.61 2.86 2.39 2.34 2.57 3.04 2.18 2.27
7 3.8 3.73 3.63 3.79 2.82 291 3.48 3.71 2.56 2.87
8 4.18 4.07 4.49 4.22 3.31 3.25 4.45 4.01 3.45 3.15
9 2.72 2.39 1.98 1.87 2.17 1.98 2.45 2.24 1.6 1.61
10 2.32 2.94 2.64 2.8 2.23 2.6 2.45 2.75 2.03 2
11 3.75 3.45 3.72 3.66 3.46 3.27 3.32 3.21 2.34 2.35
12 4.09 4.1 4.53 4.54 2.44 2.37 4.39 4.41 3.35 3.35
WooAzg WaiAg WA WorA21 WagAgo
Obs Lab Predictd Lab Predicted Lab Predicted Lab Predicted Lab Predicted
No Moq. F’f Modl. Qf Mod'. qf Moc%. pf Moq. Qf Moc!. Qf Moq. 9f Moq. gf Mod: gf Mod_. gf
elasticity | elasticiy | elasticiy | elasticity | elasticity elasticity elasticity | elasticity | elasticity | elasticity
(GPa) (GPa) (GPa) (GPa) (GPa) (GPa) (GPa) (GPa) (GPa) (GPa)
1 19.35 19.67 23.18 22.86 27.42 27.59 22.36 22 24.46 24.67
2 23.77 22.83 26.25 26.38 30.09 28.99 25.67 25.88 26.44 26.38
3 24.33 25.55 28.05 29.41 27.75 30.14 27.99 29.22 28.8 27.79
4 27.35 26.75 31.94 30.77 32.1 30.64 31.82 30.71 27.52 28.39
5 19.53 19.82 22.11 21.95 23.38 22.37 2241 22.17 20.92 20.49
6 23.79 22.8 25.9 25.87 24.29 25.62 25.77 25.81 22.58 22.85
7 24.09 25.45 28.08 29.36 26.47 28.51 27.56 29.05 23.27 24.94
8 27.33 26.67 32.07 30.97 32.21 29.83 31.84 30.53 27.39 25.89
9 19.06 19.76 22.46 22.49 22.65 21.94 21.92 22.19 20.35 20.46
10 23.25 21.87 25.99 25.77 23.29 24.43 25.56 24.81 21.69 21.41
11 23.11 23.8 28.61 28.78 27.18 26.7 26.76 27.2 22.11 22.27
12 27.35 27.34 32.13 32.16 32.02 32.08 31.66 31.69 26.66 26.67
WooAazs Wi Ay WisAis WorAz WagAgo
Obs Lab Predictd Lab Predicted Lab Predicted Lab Predicted Lab Predicted
No Comp. Comp. Comp. Comp. Comp. Comp. Comp. Comp. Comp. Comp.
Strength | Strength | Strength | Strength Strength Strength Strength | Strength | Strength | Strength
(MPa) (MPa) (MPa (MPa) (MPa (MPa) (MPa (MPa) (MPa (MPa)
1 13.67 13.85 20.04 18.64 33.01 30.91 32.02 27.8 20.19 23.65
2 26.49 24.44 26.55 26.65 39.3 40.89 32.02 37.76 37.25 30.09
3 28.18 33.65 26.38 33.7 43.23 49.58 41.39 46.35 32.63 35.58
4 41.39 37.79 42.94 36.91 59.35 53.5 56.67 50.18 37.25 38.01
5 14.07 14.3 15.89 14.53 25.97 23.78 32.02 28.53 42.05 37.17
6 26.39 24.05 23.15 25.51 32.93 35.04 32.02 37.47 37.25 45
7 26.38 32.81 33.78 35.41 37.23 45.17 39.89 45.47 57 54.95
8 41.19 36.85 42.64 39.99 57.75 49.84 56.77 49.15 61.58 58.76
9 13.07 14.73 13.45 12.82 24.79 23.68 31.22 29.55 16.04 14.84
10 24.29 20.66 23.47 23.98 31.45 32.49 31.22 32.88 17.8 19.91
11 24.18 26.13 34.28 34.29 40.73 40.62 36.19 35.94 25.53 24.55
12 13.67 13.85 45.54 45.68 58.45 58.68 54.87 55.19 31.04 31.12
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Graph 8: Representation of lab modulus of
elasticity Vs predicted modulus of elasticity for
curing condition WooAag
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Graph 13: Representation of lab tensile strength
Vs predicted tensile strength for curing condition

Graph 14: Representation of lab tensile strength
Vs predicted tensile strength for curing condition
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Graph 16: Representation of lab tensile strength Vs
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Conclusion:

1. Compressive strength for cubes of concrete is a function of the constituents of concrete and
the other two parameters blend ratio and time lag.

2. From fisher test it is concluded that the application of model is satisfactory. Ibearugbulem’s
Regression Model can be used to optimize mixes at 95% confidence level by Fisher f-test.

3. Osadebe’s regression model is succefully utilized for prediction of compressive strength of
concrete.

4.The difference in Lab values and predicted values is due to and some human errors during the
conduct of the laboratory experiment.
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