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ABSTRACT

At the present, concrete plays important role for construction materials which
influence to construction time and cost. So the prediction compressive strength of concrete is very
useful. This research aimed to apply the artificial neural network (ANN) for concrete compressive
strength prediction at 7 and 28 days curing time. 384 cylindrical samples were made and tested to get
128 data. These data were analyzed with multiple regression to identify relationship between
parameters that effect concrete compressive strength. The 1,250 data collected from concrete mixing
plant, were used for testing, 950 data, and training, 350 data, process of ANN on Mathlab program.
Thel8 pattern of training process were analyze and, then, 2 layers with 8 nodes/hidden-layer was
indicated as the suitable module with lowest RMSE, 31.3 ksc. Finally, compressive strength error of
prediction result by ANN was 9.26% for 180-390 ksc. compressive strength range at 7 day, and

9.09% for 220-490 ksc. compressive strength range at 28 day.
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- Fine aggregate percentage ( %)
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COMPRESS  ADMIXTURE TYPE D

COMPRESS  1.0000 .2135

Controlling for.. CEMENT SAND ROCK WATER
COMPRESS FM

COMPRESS  1.0000 .2096

Controlling for.. CEMENT SAND ROCK WATER
COMPRESS  CRUSHSAN

COMPRESS 1.0000 -.1039
=N ac a o as = = Y] v :/:;’
NS aaTeidlsldunsy SPSS daeatmsaasizraulseantanduwuing
. . . . . Qs = Q‘{ Qs Y] ¢ a 1
wiBivariate Correlation azuuy  Partial Correlation (fudssantanduwuiinigiu)
p=:1 s Y] L2 T 1 dl = 9 9 d' =1
mmsmJaﬂmmmauwuﬂﬂamamnq rflumiennm::mmsm;,ﬂﬁw“lﬂgﬂma\uummﬂu

anvdudeuvesiatouazdeyaiidmaunin Sedimsihszuulaswielseammiiioy ( Artificial

14
=

Neural Networks ,ANN ) 14 1uau3seil

2.4.2. aseniinasennuansolunssuusdavenaunI AN 1T uInsINT Ui

v
o Y =

sudimbsimiinvesaeunsa ( Unit W eight ) azlinadeanusinsaluns

as s =) (L dysl 9! 1 "W 9 d' t d'sl o Y
’i‘lJ!,L’i\‘i'E)ﬂ"U'ENﬂ'E)‘Llﬂ'iﬁLLG]ﬂ"IHNGlGIT’IMﬁWMWiﬂGlﬁ’lﬂ L‘Ll'ENﬁ]1ﬂLﬂuﬂTﬂﬁ@ﬂﬂ1ﬂ1§'ﬂﬂﬁ@Uﬂﬁﬂfl]"lﬂNﬁJJ

“

a d a [y Y v 2 vy Y a oY o q ¥ o A
ﬂ'E)uﬂimﬁimiﬂﬂi@mmﬁﬂ@uﬂﬂﬁ"liﬂ'iﬂﬂ"lﬂflﬂ i]1ﬂﬂ"|’§'JLﬂ5”I$‘lfT“lﬂ\‘muVl"ll1ﬂﬁ"liJ"Iif]ﬁ'::‘lj‘ﬂﬁ]fl)ﬂﬂ

danasonnm aunsnlumssunsssavesnouninildluTas sy 18T
Parameter

- Unit cement content ( kg/m’)

- Unit fine aggregate content ( kg/m’ )

- Unit fine aggregate content (crushed sand or sand pass sive n0.200) ( KN/m’ )
- Unit coarse content ( kg/m*)

- Unit water content ( kg/m’)

- Fineness Modulus ( FM )

- Fly Ash (PFA )(kg)

-~ Admixture (kg )
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- Age(day)

A15797 2.1, UEAIANUNBUDINIT 1NN DTN 19

kY

A g
YDIAY

ANUNUNY U2
3 a =Y ‘ 1 3
Unit cement content Yhinufuduanlaluneunia (kg/m”)
a o
YS1195391 1 QAUIRAIAS
1 a $ 1 = 3
Unit fine aggregate content Psinamseildluneuniatsmassin | (kg/m')
J
1 gNUIANLYAS
=y 1 ¢ 1 =\ 3
crushed sand WnamneazBeacwildluaeunsa | (kg/m)
a J
UYSuassau 1 gauAnmAs
1 =Y =Y 4 T PN 3
Unit coarse content USueituildluneuniatSmassay 1| (kg/m’)
s
QALIANUAT
; a Y dq s a 3
Unit water content UsuaniildluneunsalSinassay 1| (kg/m?)
anUIRNLAS
Fineness Modulus of Sand (FM) | a1qq1uaz@envainsie
Fly Ash (PFA ) d15UsznouuI s IWaNiY (Yuvnd) kg
Admixture AsinlinauADUNIA lUADUNIA kg
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vzdunanilodeiiogdnesunlufl Fineness Modulus of Rock 1#18391n#na
Trginldluaulassadaluilagiues I9vMuauuiasgiu ASTM C33 Size Number 67 fataag

ATUAITIN 2.2.

A15199 2.2. HIAVUIATUA NI ASTM C33 Size Number 67

VUIAALUNT % HIUAZLNT
1" 100
3/4" 90-100
12" -
3/8" 20-55
NO.4 0-10
NO.8 0-5
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CuUnhn 3

Tasevedszanneu

3.1. a1

Tnsanedszanifion (Artificial Neural Networks, ANN) Sunanarilaves

= g

Hyaniszfvg (Artificial Intelligence, Al) Fafilnssafhudsanilaonssy wazmsinu
gy = o 4 = I'd = 9 4 L2
AAEARINUIEARANDY M0 UULTTAMU0INYHE Taszansaisoudnniszaumsal uazl
feevludumidudouldiusede  Tavialiudaniv 519znanaelassnglssaniioy
5 Y Q' 4 o 'Q
(Neural ~Network)  #<ldussiiumalasnninmssuduveamsiinyudirldlasiifiannns
° o y ' ° PR a o 2 A
MUIUNNANDIVDINYHE Fuana1991nmIfuud ldnneuiines Iasdure  duedazl
ar kY = 1 = d' o 9 d‘d 1
ANNFUGOUGS LazlszuumIssuianaluuguUIu Januansonezdanis laseasenlaiu
% YY) ¥ I'd o H ] v 1 1 o 1
Usznoy Fedsniun wraddszamiludniuguaiume Y843 1IMuEFUN1I N UUVUA1NY
[ o 1 Y] 4 [ $ o 1 °
Wy mIgduuueg miiui’ua:mimuauﬂmﬂﬁau"lmmmiwms FAUSINNMTAIUIN

yo3nouHnes uilagiiunaremiiay

3.2. Tnssthe)szanniiess

Tnseielszamifion fie myeenuuuuazadszUUABNuReT W Insveite
MG suuunsauveusad luauewewyd wiofigond "fvea” ufduaeniy
msiuluduesaissinewszam  fezweulssfudulassieveamizolszam  wie
Neural Network Iagl#asmsdszuiarauuuumuuazmsnszaemsvinu (Parallel
Distribute Processing) Lﬁ"'au‘ﬂaﬁ’fayﬁaﬂmgﬂLmu‘Vrfiq"lﬂxﬂu%ﬂgﬂuuuwﬁqmwﬁﬁ’mmi uon
mm‘fuﬂmﬁuﬁammiwuﬁmﬂﬂ@hqmﬂwﬁﬂmiﬁ1@114114@&@1@%?{1%51@ﬂﬁﬁ"lﬂiuﬁm%q
Massively Parallel Processing Funaeruiiatlszmausn Ap Fault Tolerance nuefa 21U
dszananasz linganaiafu Saudhnisdszanananamiseldsuanundsmesuian i 140
a1 ﬂmﬁuﬁaﬁﬂﬂi:miﬁﬁw Jyfio Generalization w189 Tnsetiedszanifiondanaldwadns

oY Y Y A w Ay s A Y] o ' = '
‘V]G]Eani‘lmLll%ZﬂJﬁi‘gi‘ngi‘Uﬂ')u‘ﬂ56"1]63;1@‘11TQﬂ'ﬂﬂJﬁﬂJuimﬁiﬂLﬂuﬂJﬂi&!ﬁﬂﬂﬂklﬂJLﬂUL‘Huﬂﬂﬂﬂu

=] 4 o wa g P
udrimsofiezien1d auauiiflszmsqadie fie Adaptability vanedeszuuaunsaiiog



Seuianmnadonlnuiuandunnanmedawdnldsiesias,  madnuvessyuuzey
L= P A [ dy ' 9 9 o ot :} LY . °
“lugﬂmmmsviﬂﬁau (Training) Won 13T UNUFIUANUTAWWAAAVAIDINIMIN (Weight)
" a o I'4 o . 9/ [ c?j =2 °
“lﬁmauwm (Input) waz wmMyas (Output) VBITLVUADAAADINUIINUUNITIUITOUITIU

anwd (Knowledge Base) 71411 14w0'11)

3.3. nuudraesvedlasstielsyamiian (Models of Neural Network)

v
Tasevreiiazilseneudie 3 druaieiu Ao

1. Gﬁ’u‘%’m’faya (Input Layer)
2. Fuus (Hidden Layer)

3. FUeaIna (Output Layer)

1 3 Y ’ ] d! o 9/ d' & [} 1
Tasusazduazilsznoudis vue (Neuron) Feaziimindszuiana w5o deae
9 4
wadws llfadudo i) Taerndswiuvesnize (Neuron) dzdiusgiusilauazanududouues

v
Hgw vingluaaslassadradesdussInseiedszamiiion uuy'ludrenih (Feed-Forward)

Input Layer Hidden Layer Output Layer

———
P =~

-————
-
- S e

7 N
d
¢" Output Node, k ™

Wi j ‘
Z@ 7C 1 Vi
!
by

~

4 N
.7 Hidden Node,j \

1% 3.1. uaaeInssnodszanmitounuy ldremd
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Tag

[

1 Y o |' ] dy
ATMNAANTINUATSHUIY ﬂzmmmm"lﬁ'mu

Yj :fﬁi(wﬁ'xi%b,/) : | | (3.1.)

w=r

b
flc)

i=1

(Wk,j 'yj)+bk . (32)

M=

j=1

.
a 3

o foyaisudu (Input)

o))y

Bk

o o o .
flo muaansn 1dannsiseuanaves Fuuss (Hidden Layer)

b4
=) J v & o

A9 AHAAWEIINTULAAIHE
b

fn Animiin (weight)

Ao Audowuvu (bias)

s v ! v o 1 . . . . .
Ao Hadyuudasnnudunus wu Linear Function , Sigmoid Function tiag

Step Function

3.4. anilnenssuveslasstiedssamiien (network architecture)

a Y ] ]
Tasnauds siezusaorilaonssuvesInseuieooniiu 3 Loy Ao

3.4.1. Tnssvneuuuswuie lUananin (Single-Layer Feed-forward Network)

}4 [l H
TuszauInsatioiaseaszgninns ey lugiuuudiuiug guuuuideigaes

:;’ 1 d;’,’ a s 1 o a ] A [ 3 o 4
FuTasannes e ifudunanvewmasdutiaveartlsuds  (node) oulds Fueanan ves

b 3 '
Tasetheunyil sailuaiiauuylideiies vingd 3.2uanensdlvesmiteuds 4 mitvieglug

:/l a 4 3 o PR = 1 dyl [ :Jl = 9/ 9/ -
YOIFUOUNANUAL THIDTANAN GINLTI%ZLETElﬂIﬂﬁQ“U18‘Ll'JTIﬂiﬂ‘U'lElLl‘U‘U“h’ulﬂEl'Jll‘ﬂ‘UNWu'l NN

3 :;l = dy ) S L= 3 g g [l o A a t o a
MNIURAYIU Lu@ﬂﬂTﬂLﬂﬂﬂTi@NﬂQ FUIDIAWAT VD ‘Hu'JEJﬂWN’JmLLPJQ Hio UIIDN Liﬁ]%ll‘uu‘]ﬁ)u

o 1 A v 4 1 o a ¥ ~ v o’/l
wavwosmivisuduiiosnn lufimsfnsfatuinmioniu
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Output

Layer

of neurons

H k4 T
517 3.2, urasariasnssuvealnsethouuuduie lUdrani

3.4.2. Tnssnaunyraesulidranth (Multilayer Feedforward Networks)

¥ 1 9 9

szuFuRTimsuUaendeaIveaiues ademsi suusa(hidden layer) 1 Fu

=] t 3 & 1 P T oas & 1 1 Y =Y 1

wsetunnIuFIMieNode)relinumiu FaSenivmilouds Aenduvesiitseaurds ey
1 VoA ] 9 1o 9 [} ~ [

seremniuhnnaeusniazdsh laeenuinnInseie 910319 3.3 azuaauHUAYe Hany

£ T Y [ I
sulunsdindiulnswhenuududen ludami (single-hidden layer) Favzdulasatiouny
10-4-2 31213 10 unassuiia node (source) node, 4 MUY LAY 2 HUILLTAINARIDENS
¥ I k4

wonmieNi foll m unasduia , S1outiisea hy Wasea Heglugduussn, S Hasea

=Y a v o’/’ ~ o =y =y oy :1’ L4 o t n:y

hy #hsea Negluduudsiiaes uazdwou fsea q sea Audueimadszunulnseied

{ [ 4 ] s 1 4
&7 m - hy- by — q 13U 33.uen ldhilunndendeiunnviae(Fully Conected)iiaanin

] ' :Jl A [ ] A Py T o Tt a =]
N9 mitsveaudazfugniyenToelFamisedun fegiaoen’ly udogialshay mnhiivianms

L}
4 ]

A M v A ' ] L ' a ! v 1
L‘HB‘JJIENVlSJUlﬂL‘HBNGI’E)UH Iﬂi\‘ﬁﬂﬂﬁ”l%miﬂﬂ Tﬂswwmw NITLYOUADUBVUWNTIU



Layers of

Input Layer
output:
of source
neurons
nodes

Layer of

hidden

neurons

] b4
7Y% 3.3 uamsamilasnssuvesInssrsununatesu T

3.4.3. Tasavnemuusinesuri(Recurrent Network)

] = 'd 1 v W ] cL

Tasavsuuus ol unasuiindiniuewsnatn  Iaseviend lddremsiniusey

@ 1 9 @ v [} 1 ~ 9 o d:: = = £ 1 [ <]
NAUDE1NUDE 1 29 A9EIUTFY 1ATIVBUUUTIABIE UNILLTUIALD ¥4 13598 Haunazouaztlu

' G [} Y 1 A o 9/ ~ A 3 2 Y Y 1
pwwaagnuua dendu lddruithidunvesiiseadu q Manuadwaasldnnglduas lu
3 v

Tnssadeiazannsaven 1d lifigUiunduidunmdaes (oop self-feedback) lulnseig

~ @ 9 @ [ [ I~ - - A =Y @ I~
giinunduEINIA e sztsuenIuiwiluaaeidiuiiutusenuvesiaseanay lihilu

AuNEuaeiIvo aiue
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AT Uit delny
St el pocratons

A ' a Yy
E‘]_IVI 34. llﬁﬂ\‘]ﬁﬂTﬂﬂUﬂi‘ﬁJ"U@QIﬂi\‘ﬁﬂULLUUSLﬂﬂLS‘HV\

3.5. maiseudvesszuulnsanadssannie
= 9 1 = = a A = d%' Y 1 1 o"
nsoudvoalasaiislszamisnaziilszdniamifisaladuegiuanlni
LY v & =2 . . 1 oA 1 1 o” o o Y o
wifnyoalasadie Fansindew (Training) TaseteRaemsmmariminimnzaylvdy
1 :/I é = Y 19 a =
TAsa1etiugFan155 81U N08A8NU 7D

U

3.5.1. m3i3eu3uuuy11 (Supervised Leaning)

~ Y aad o = va Yo & g Y
mseudlasisdwzdmuaravesnisfouildiulassiedusaiilsznouaie
a 4 { 4 o Y 1 % 3 ' ]
Sunauazie1Ayafideanis (Target Output) ietlendunaliiulnseiie vdwniulasavion
3 3 o Tt o" @ £ 9 v o Y t
wziiimstlszunanasuldfnenuazmarniminoeninganils duiudmevii ldanlasag
fﬂ:gﬂﬁmwﬁmamﬁwmmﬁﬂwamiﬂU’Em"'fluizazquwﬁmmﬁnmﬂﬁmauﬁéfmmiﬁﬁmm
9) ~ Y o A a g o s 9 1 1 o" s o ~ 9t 1
Houifivla drdaiianuRanmagiegiszhimstiuuimarnhminuaziinisfouide llaund
1 = 1 o [} [ L4 dl 9/ s 1 9 d’ Qs YR
manuRanansznIsneuvedlasanisfudnaiidesnisiidnioswenazseuivlavanga

= 9 1 o” v Ay vd =1 fu Ag Y Y
m3Boud nazaoruhming ldfmiieuilandunlidasveya
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1 Y

3.5.2. m3isau3uuulasigyiin (Unsupervised Learning)

= s}addy a g 9 1 1 [} = 4 4
mySoudisizilousuymainglassite uazaelulassiesziioinndlnua

] ' 9 (Y 1 1 9/ d‘d v & (Y d‘ =
agnaneTnuadieiy  Taousaz Inuaszununguuesdeyafifiqueiamilouiudiefloudunn
t 1 o o ' v o Jdaa 1 a o LY ' 3
Whglasanie szshimsinasianuduininiiogmeluavesduyna lauoreninnun i
Y] Y] ] = o 3 4 v = Sladdy [l
windlususnanuuanatavesduna liiu By Tnuaedwaveslasste maSeniiniil
1 ¥
1 4 U o LY
aunsoaglldn  ewiwaTnualaduvesdeyandulagldzdosdmuamdalunnuus iy

J d t ]
A1TATLYNGUIDINHNA IHeE 1LY

3.6. 35msunInszo1endu (Back-Propagation)

qududaddyveslasaielszaniion  fe  anwaunsalumsSeuinndy

v o s @ 4 ] 9 % L4 =t Bldy
a6 TagneneuiumANuFuRuiseniedoya (Input) uagwadns (Output) Msiseugiaz

a 1 ' oy g . oA a . ' o o ) o
Sunnmsguanimiin (Weight) uazaniisauuisudu (Bias) Awaanih lannausuduszgmi
] Vv

[ I d Aa 1 1 o I 1 o ] t d‘ adg s
MWLﬂ?EJULﬁ‘c’JUﬂUNﬁ?IW'ﬁ"\]SQ ﬂTﬁLLG\ﬂﬂN"ﬂzgﬂunl1ﬂiUﬂTL!TPTuﬂllﬁ&’ﬂﬂﬂﬂﬂmuiﬂﬂ?‘ﬁﬁﬂﬂNﬂﬁ’t‘]\‘l
. Y v da Y A Y ) 1 :‘ Y] v LY
an (Trial and Error) i]uvl,ﬂNﬁﬁw’ﬁ‘ﬂiﬂ’ﬁlﬂﬂ\‘i‘ﬂi@@]i\‘iﬂUf«lﬁ’ﬁ‘W'ﬁ%i\‘i ATUIMUAURS ANV YAV UTANTY

o Iy ¢ w saa & v '
wgniinn1Flunswensalwadwiinaiuandeya (Input) Inai

a 1 cy Y ' d' de k7 =
ﬂszmumﬂumsﬂiUﬂmmumm:mmmmumuﬂﬂ% A9 Back-Propagation

e

Fevzalseneudedyana 2 dau (3UN 3.5.) Al

Q 1 - . g 1 1 4 [} 9/ 1 [}
1, dyayinuels (Function Signals) Ao deyanSenadniveunazmitengnadudnglasaiie

szamiey

a 9

. = VA 1 1 o Ay Y ° v
2. deyyoiud b (Error Signals) Ain AMTAUANANTLHIIHAENTN LADINMTAIUIVLATHAANT

a A 1 a ] v = A o i Y ~ LY
13 afigndandugInssedszamifion ivedsuman Tashiasaiu
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» Function signals

~--—mommmemes Error signals

[ ¥ v
517 3.5, uansdryanalunszuaunsdivanhminuas Audisuuy

3/ dy /) %] - [] o 9 Ao ] ar 4
Taseadraudiosdu dwaadlugln 3.5 ¥Uw | MIMNNAIUIUAIRAANDIIN

o

o \ ' . o JAn Yy A =& = 1 ' v & a
YW AIWINHUWY | Waa“ﬁﬂ‘lﬂ 1o yi(n) “IN%Znﬂu”lmuﬁEJ‘]JL‘V]EJ‘U?H?]”ILmﬂﬂNi]”IﬂNaaW'ﬁi]N

u

A 1 J dyd LY ~
D d](n) ATAIUUANANU 71D e/.(n) PEUNITN 3.3.

e,(n)=d, -y, (n) (3.3)
e(n) wgnudaatiudyanamdly £(n) Faaumsi 3.4.
1,
E(n) =~¢}(n) (3.4)

[ = 1 o & o {
Fuanslugli 3.6 M v(n) snduradwinnmsdnounndumsi 3.5.

v;(n) :iwﬁ(n)yi(n)—kbj(n) (3.5)

as

[ t4 ' oy s @ w o :Il s
Fadnyel wae anhmin dydnwel m fle Saudeyaivua uaz aanyal

b(n) v andoauunlFluming j §oiu nadnivesmiae j Av
y;(n)=f;((v;(n)) (3.6.)
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b2
Back-Propagation v USuanimiinnndayanaud 1y £(n) 42835 Chain Rule A

=

OE(n) _ OE(n) Oe;(n) Oy;(n) 0v,(n)

- (3.7.)
Ow;;(n) Oe;(n) Oy;(n) ov;(n) ow,(n)
Bias: b;(n)
dj(n)
-1
> O > Oej(n)
51/91 3.6. uaas Inssasrensmurnveslnssiglszmmiion
Tnsanelszanifieuszilfuanihmin dw,n) awdasimaseni 17
OE(n
Aw . (n) = —77# (3.8.)
awji(n)

v 14
[ 1 o L= I, . [ o vy
msUsuAniming 221433 Gradient Descent i Iddyanaud lulinnfossa

=} 1 Y .{4‘ Y o a0 1 cv‘ A 9 A Y] 1 Y] d a
‘Hiamwaawm%mnmsmmmum WHﬂ‘]J‘}’TﬁE]Elﬂ’ﬁLﬂENﬂ‘UﬂWNﬁ’ﬁW'ﬁ%iQ
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MUV INVDYD

4.1. uvashimnvesdoya
4.1.1. YeyavnmanignAIeganadel

M NS 081N AT LT UMT T NAIUHFVADUNTA LAZININATDUH

manumansalunis Fuusdavenouniaa1unsgIu ASTM deddnylumsinioudiedn

'
A o

- = 7 9 o 9/ a o [ 1 o
nedovne nmsanudatensududenimnlFlulasinuide uagmaarvquiledeniaq vuei

U £V

fredranamoy weldlddeyaifivsz@nsamgadewiniiga MawssNdIpsNARBUT NN
E4
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uamsduiiuauladail
4.1.1.1. msfmuariiadoya uazsroudoya

@ B2 A e a a ° 9/ ~ o = 9y A v
fﬂi%ﬂ?‘iﬁlﬁ)Hﬁ“&’lﬂﬂi%ﬂ“ﬂﬁﬂWW%nﬂuﬁﬂﬂmfﬂifﬂ‘ﬁu@‘b’uﬂ%@ﬁmyjﬁ“ﬂﬁ@&ﬂWi

A4

SmdumsAnmanuause lumsiuusidavednounia siavesdeyamuanuielddeil

a s Y Hq ¥ a a o ' a
1. Yudug doyaildifulSinaduudludunauvenounsa
a 9 = 9/ a a [} =
2. #iu doyanldiiulSuuvetiuludunduvosneunia
Y g v = 1 =)
3. 131w YeyahldiluiSmnmvewmaeludiunauvesnounsa

: 9 P 9 a :’ 1 =
4. 11 FeyadldilualSinanihludmnauvesneunia

5. fmsguea Jeyailfifumifitaldnnmsnageumsguivzimsraediodanennia

L1

v ~ 1 < t { Y [ o 1
6. DrazMILY Yeyan lFuiiweenilumstiuiieng 3 fu 73w 14 Tu uaz 28 M

o & o Y R ' - ' & Y
ﬁ’]ﬁﬁﬂﬁnu?uﬂ]@Nﬁ"ﬂﬁﬂy1?”1”53“1]\1LﬂﬂiWﬂﬁ%L@ﬂﬂﬁWﬂ"] %QLLﬁﬂQll'JWWN
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[ (Y

M3 4.1, udasswazdsansHaedInianaToulimfdes U WARETY 119 180-320 ksc.

AMAITULITION MsnAaoY

No. | wesneunia Slump 7-10 " Slump 10-13 5

3 | 7| 14 | 28 | 3|7 ]| 14 | 28

(ksc) 0} VI I S VR B 1Y o) TR N VI B (VI I V! o)t
1 180 3 3 3 3 3 3 3 3 24
2 200 3 3 3 3 3 3 3 3 24
3 220 3 3 3 3 3 3 3 3 24
4 240 3 3 3 3 3 3 3 3 24
5 260 3 3 3 3 3 3 3 3 24
6 280 3 3 3 3 3 3 3 3 24
7 300 3 3 3 3 3 3 .3 3 24
8 320 3 3 3 3 3 3 3 3 24
ST 192

MINT 42, LAAIIPAZIBIANINEBAIDIINATDUANAABIGUMIMEITVUTIBAYBIRBUNTA

ARGEITENGL
AIsNATOU
No. YDIADUNIH 3
(ksc) 3 7 U 14 M 28 M
1 Trial 3 3 3 3 12
2 Trial 3 3 3 3 12
3 Trial 3 3 3 3 12
4 Trial 3 3 3 3 12
5 Trial 3 3 3 3 12
6 Trial 3 3 3 3 12
7 Trial 3 3 3 3 12
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MINN 4.2, HAAITHAZDIANIHEDAIDINNATDUNNAABIGUAIMAITUITIOAYDINBUNTA

(AD)
AT VLT IO
MInaaal
No. YDINDUNTA B e} U
( ksc) 3 u 7 M 14 M 28

8 Trial 3 3 3 3 : 12
9 Trial 3 3 3 3 12
10 Trial 3 3 3 3 12
11 Trial 3 3 3 3 12
12 Trial 3 3 3 3 12
13 Trial 3 3 3 3 12
14 Trial 3 3 3 3 ’ 12
15 Trial 3 3 3 3 12
16 Trial 3 3 3 3 12

SuTaruA 192

vuome : daegensuniad ldilludoudiodnasgiuglnsanszuen aw

=% ] 4 a o
mmgmmmnwmmﬁ'umg{uﬂﬂma 15 isuaiuas g3 30 15uauag
4.1.1.2. M30NUUVAIUNAHADUNIA

MseenULUAIUNENADUATA 1TumsAIBmISas 1@ uRdueITImau
d A :’ = = T
Fua du ns1e wazi AlFlumseaunsunia N1SBBALLVAIUNTUADUATAMINIATTIY

14
yosomimiuiludomuguauiang dail

1. yJuFmud
- ANNEI NI NageUMLINATEIY ASTM C188 uadwisaldan 3.15 dmsy
YuFwudlosauaudiialy ;
2. WA

- YUIAADE NATIUMINNINTTIN ASTM C33
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- ANUENIUWIZAN NadoUMuNIAITIH ASTM C127

- ANUDNIUWIZNTIY NaaoUINNINTTIH ASTM C128

- mm"f;u NAEBUAMNIAITIU ASTM C70 uazuasgid ASTM C566
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Mix Design of Concrete

Ultimate strength of Concrete (fc')

Specific Gravity

Portland Cement Type 1
Fine Aggregate (Sand)
Coarse Aggregate (Rock)
Water

Unit Weight of Aggregate
Fine Aggregate (Sand)
Coarse Aggregate (Rock)
Mixing Water

Maximum Size of Aggregate
Finess Modulus of Fine Aggregate

Percent of Coarse aggregate by volume
Slump of Concrete

Design Criteria

180 ksc

3.15
2.63
2.76
1.00

1736 kg/m3
1666 kg/m3
1000 kg/m3

25 mm.
(1"
3.00
0.65 cu.m/cu.mconcrete
7-10 cm.

Design Mix

Use mixing water

w/c ratio (by weight)
Use cement

Use Coarse Aggregate

Volume of cement

Volume of water

Volume of Coarse Aggregate
Volume of air void

Volume of Fine Aggregate

Use Fine Aggregate

Calculation

180

193.5/0.733
0.65x1666

264/(3.15%1000)
193.5/1000
1082.9/(2.76x1000)
1.50%

= 1-0.084-0.1935-0.392-0.015

0.315x2.63x1000

180 ksc.
193.5 kg/cu.m.concrete
0.73
264.0 kg/cu.m.concrete

=1082.9 kg/cu.m.concrete

0.084 cu.m.
0.194 cu.m.
0.392 cu.m.
0.015 cum.
0.315 cu.m.

828.5 kg/cu.m.concrete

Conclusion Used Material

Material 1cu.m. of concrete 50 kg of cement
(kg) (litres) (kg) (litres)
Cement 264 84 50 16
Water 194 194 37 37
Sand 828 315 157 60
Rock 1083 392 205 74
Total 2369 985 449 187
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3 day strength

80-120
120-160

160-200

200-240

240-280

280-320

3191 4.1. uamsmsnszarevedeyaiididaiiery 3 Ju

= Y o Y o v w A Y
A1T1N 4.4, HHAITOYAZUVDINIUIUUDYANTNDAND Y 39U

3 day

Strength (ksc.) | Number | Percent
40-80 11 11.458
80-120 12 12.500
120-160 10 10.417
160-200 16 16.667
200-240 23 23.958
240-280 19 19.792
280-320 5 5.208

sum 96 100.000
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7 day strength

number

40 -

30

ksc.

80-120
160-200
200-240
320-360
360-400

120-160
240-280

511 4.2. ueraamsnszaevesdeyaiidsdaiiong 7 Ju
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7 day

Strength (ksc.) | Number | Percent
40-80 3 3.125
80-120 10 10.417
120-160 13 13.542
160-200 9 9.375
200-240 14 14.583
240-280 32 33.333
280-320 8 8.333
320-360 6 6.250
360-400 1 1.042

sum 96 100.000
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14 day strength

number

- 18 18

80-120
120-160
160-200
200-240
280-320
320-360
360-400

240-280

51 4.3, uamamsnszaevedoyaiaisaiey 14 Ju
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14 day
Strength (ksc.) | Number | Percent
80-120 1 1.042
120-160 16 16.667
160-200 12 12.500
200-240 17 17.708
240-280 18 18.750
280-320 18 18.750
320-360 10 10417
360-400 4 4,167
sum 96 100.000
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28 day strength

number

30 : :
CRY)

160-200

320-360

360-400
&
(¢

200-240
240-280
280-320

o
=4
n
<
Q

1% 4.4, ueraamsnszasvestoyaiifidaieny 28 u

M3197 4.7. uaasdevazvosdiuiudeyaiididaneny 28 Tu

28 day
Strength (ksc.) | Number | Percent
80-120 1 1.042
120-160 7 7.292
160-200 15 15.625
200-240 13 13.542
240-280 10 10417
280-320 21 21.875
320-360 22 22917
360-400 7 7.292
sum 96 100.000
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7-days strength

number

100
30
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~~~~~~~~~~~~~~~ strength (ksc)
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Strength(ksc) number | percent(%o)
120-140 10 1.91
141-160 17 3.25
161-180 33 6.31
181-200 41 7.84
201-220 61 11.66
221-240 79 15.11
241-260 72 13.77
261-280 49 9.37
281-300 64 12.24
301-320 36 6.88
321-340 20 3.82
341-360 15 2.87
361-380 11 2.10
381;;-400 8 1.53
401-420 3 0.57
421-440 4 0.76

.sum 523 100.00
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28 days strength -

__________ strength (ksc)
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Strength (ksc) number percent (%)
180-200 13 - 1.76
201-220 37 5.00
221-240 47 6.35
241-260 62 8.38
261-280 72 9.73
281-300 81 10.95
301-320 86 11.62
321-340 71 9.59
341-360 69 9.32
361-380 58 7.84
381-400 55 7.43
401-420 27 3.65
421-440 17 2.30
441-460 14 1.89
461-480 14 1.89
481-500 10 1.35
501-520 7 0.95

sum 740 100.00
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1. YoyananisnadeuMssuLsWaveIRI0geneunIai las udeyagnia 13 lugudeya
4 1 & 4 . as - [}
luTnsseriuenwd ogudrdsilimsians uazldarlumsanuld luun

2. lunstiuiindaysdeysasnuinidgiunanpeunsaliiudeyadlugauaesiFuami(print out)

1 1 1
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d' [ =3 a o K T = s 19 <Y v o 1 =l o ]
FegnaniivldlunszanuitiufinAnlanszuuaenfiamaes uideyanldadusediniginai
MlunszvinfuuuuadinaansinliGuusnidanissiiuinasnelululnssenivemaad
(Microsoft Excel) Teszuugnudayautlulnsnenyiuaniaa (Microsoft Access)aunnsniiaz
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a A
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a1919% 5.1. uaasdoyaiiaSvalumsngiudoya lu Inswennuonwse (Microsoft Access)

v

Rock GRNIZATEY
¥ )
1 =Y 1 o LY aq 3
Sand Amedoy (Al minnsenly kg
[} =N 1 :’ v A :/A 9/
Cement Amaiey Al vinauuan e kg.)

Water Reducing and Amedoy  [Aniinves Admixture type D Al (kg.)

Retarding
v [
Fly Ash Aoy [Animiinued Fly Ash #1149 (kg.)
1 N 1 :’ @ le Hq v
Water amedey  Anhindnld kg)
Slump Ameteon A7 slump ¥oIgNYUNNINMINATOU(cm.)
o < @
Ages SRy [prggnyuiv)
] a 1 o ) o A Y 2
Compress Ameiley  [manuudussvednounsaninadon ld(kg/ cm’)
Ay Aneilen AU HLIU (kg /m’)

1 U o 3 o [} ’ d
% WU # 200 ameiloy [Pl osIFUARIUAZLUNTALDS20090INT18(cm” /kg.)

FM_Sand Ametoy (A1 TuQaanINaLIDEAYDINT Y
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01919 Detail

Code

Slump

Spec_No

Cast_Date

f1319: Aggregate

Cast_Date

f1195149; PrintOut

Cast_Date

DL_No

msfvziSendeyalyly
(myQuery) (MuvaeunN)
Age

WV

Slump

Compressive Strength

F.M. sand

% w1 # 200

Fly Ash
Cement
Water
Rock
Sand

Admixture

a1 A ¥ Y]
'g:‘ﬂ‘ﬂ 5.1. !.!,’C’fﬂﬁﬂTiL‘l)’E]ﬂJIUQ%@H?IGHEN?\N‘U@H?I




5.4. aonileanssuavedldsunsu

~ g1 s . %

asmanilasnssuimingaylunsnensaiaianuausn lumssunsoaves

= ] = = = L= = dg‘ T a L 1 O" s ’ 1 d!
aouniavedlnsatiolseamiionaziivssAntmwifivalatiuegiumaruiminvedlnsaing a9
P= .. t == (R :’ v A 9 o ' :;’ 9
msilnaou (Training) IasevisPaemsmmorshminionnzanldiulassiniug  Taoly

[ k4 k4 [

mInaasauiers s (Hidden layers) uaziuaumitouds (nodes) Aofuimanzay

ar 2 1 o ) 4 A Y Y1 t
JesaudemvesimouseumsSou  (Bpochs)  weldldmninmsdszinanaveslnsaiiy

= 9 d? A A a 9 A o o 3 ° ]
Ussamifiougadeanniunielinnuianaiates  Tasdiodmuadmanduuds S
ure wazdmauseumsiSeud uaziiman/Seuieudr Root mean squares error (RMSE) wa

v g Y a w T o da Y o 3 1 ~ Y o = k4 9 t
Sninuiasarummasninszuy Idhmssnnaludazuuuim dihmsdenld uazdeunila

1 * 1 a Qs 1 o ta o Yo a

PanusvesmRanaadaingdmifige uaz liifalsingniseinszuuisunaduly (Overfit

=1 =y o
mamummwﬂu

=) '~ o= 1 o ' o 4 T
ufzd Idingnaaiiuiveulumsdnnamamdnauseniimunegan uans
9 = 1 1 ~q 9
asnaeuumn Wuawn/asuntas ve4i1 Root mean squares error (RMSE) Tuusiazsouhly
= Y] < o 9 o Yt Y1 ' a
asuiimsuanwaiiugrauiilfiula ldhmsnagevvesszuu ldmanuiandsuesnuig
d‘ o' ~ Yo a o 1w v 1 t 1
wiaidiga  ssvansadoudiiOverfin lifunnuiubuidingn  Tudmvesinasiis

ANVRaNaIRvINaanTaLaaluaLNIIN 5.1, 5.2, wazaumsn 5.3.

SSE = > (Di— Di*)’ (5.1
i=1
MSE = SSE (5.2)
H
RMSE =+ MSE (5.3)
1o
SSE : The sum of squares due to error
MSE : mean squared error

RMSE : Root mean squares error

. o L t LY 1 v
Di : WﬁﬁW‘ﬁVl‘V]iTUﬂﬁﬂﬂﬂ’J@fJNLLGIﬁS‘lBl}E]Hﬁ
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. 1 as ~ v o I o W a o
Di* : ﬂ’lf«lﬁaW'ﬁa’ﬂ‘l@s’ljﬂulﬁl‘!ﬂ')'lllﬁuwuﬁﬁﬁﬂﬂﬂéjﬂﬂﬂ‘ﬂﬁjllﬂiﬂﬁizLaﬂ')ﬂ‘UNa

w

ans Di

n ;S udeya
a ¢ e cieps s
5.4.1. mywanrmluaanangaves Aritificial Neural Networks
4 s £4 ¥y
5.4.1.1. 32299 UANNYNADAVDIAUYDIVDYQ

1 v ¥ 1
MNMsAsdoUaIRABLazmAITagegausstoyaiiesdunuIfeyad TAund

Y 1 o =
AnugnAvIaglusaumile

Parameter Min Mean Max
Unit cement content 212 291.60 500
Unit fine aggregate content 618.52 | 888.53 1282.40
Unit coarse aggregate content 992 1099.50 1197
Unit water content 97.896 | 190.77 255.40
Admixture type D 0 1.059 3.73
Age 7 19.583 28
Pulverized fuel ash 0 43.10 96
Fineness modulus 2.05 2.6811 3.53
Dust 8.20 21.027 60.324

5.4.1.2. vt msisauiuazluaaiiage

@ o 3 o ' ] A oy o ] ¥
wadmﬂuwagamﬂﬂmuaggmma:uaiugﬂLmu“nwiam:umﬂmmummam
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¥
y =) v

9/ a d ad o = o 3 o dy
111’TS$‘U‘Uu’ﬁﬂﬁlu@nﬁﬂ‘ﬂ’lﬂ'ﬁLSHUi}aﬂHmzﬂlﬂQ‘l}@NﬁLUﬂ\‘lﬁu Nlﬂﬂﬁﬂ\iu

LTl
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= 4y 4 v
Msnaavan 1 : lﬂﬂﬂ]aﬂgalﬂa\?ﬁu

15 2 .

16 2 200 38.342
17 2 100 43.851
18 2 200 38.552
19 2 100 41.666
20 2 200 40.970
21 2 100 42.660
22 2 200 40.549
23 2 100 43.552

T
X

w Wl [Grfes

31 3 10 100 44.080
32 3 10 200 38.767
33 3 11 100 45.241
34 3 11 200 40.382
35 3 12 100 44.139
36 3 12 200 39.906

ag = 9/ a 9/ .
Fmsiseuiueaiasealy Traingdx
(Gradient descent with momentum and adaptive learning rate backpropagation)
§7171 Epochs aglu set (100,200) : teguud Tfunisdfuduiiosdu

3117 Nodes/layer oglu set (7,8,9,10,11,12)
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nRansnaane dunaldasgh dmiuITmsSeuduuy traingdx  $wu
. ' [ 4
nodes/layer fivnzaudmiun1ssuduoglugag 8-12 nodes uasmandu daliaunsoseyld

fa sz doyadaiovey
o - as = Y Y [~ ad d adt 7 W d’l
nasewhimadeniimsFouivesniiseamiaiiaiuitae Tanadei

d' Y o v ad =) 9
NINAADIN 2 : WZ;H]Uﬂ’NiJLLﬂﬂWNﬂJEN’)‘ﬁﬂTiL‘ifJu‘g:

Performance(RMSE Train
nodes/layer train)
80 2 13 25.721 trainlm
79 2 12 25.953 trainlm
78 2 11 26.035 trainlm
71 3 12 26.135 trainbr
68 2 13 26.532 trainbr
72 3 13 27.021 trainbr
77 2 10 27.051 trainlm
66 2 11 27.267 trainbr
67 2 12 27.656 trainbr
70 3 11 27.678 trainbr
65 2 10 27.904 trainbr
76 1 13 29.122 trainlm
82 3 11 29.236 trainlm
64 1 13 30.414 trainbr
75 1 12 30.468 trainlm
73 1 10 30.641 trainlm
63 1 12 30.718 trainbr
61 1 10 30.738 trainbr
74 1 11 30.883 trainlm
62 1 11 31.090 trainbr
60 3 13 33.432 trainrp
57 3 10 33.528 trainrp
59 3 12 33.610 trainrp
55 2 12 34.007 trainrp
54 2 11 34,274 trainrp
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Performance(RMSE Train

Model layers nodes/layer train) Method
53 2 34.277 trainrp
58 3 11 34.385 trainrp
56 2 13 34.701 trainrp
51 1 12 35286 trainrp
50 1 11 35.469 trainrp
49 1 10 35.833 frainrp
52 1 13 35.847 trainrp
13 1 10 40.106 * traingda
42 2 11 40.838 traingdx
45 3 10 41.527 traingdx
47 3 12 41.579 traingdx
37 1 10 41.617 traingdx
48 3 13 41.646 traingdx
15 1 12 41.756  traingda
14 1 11 41.763 traingda
43 2 12 41.954 traingdx
16 1 13 41.974  traingda
39 1 12 41.989 traingdx
46 3 11 42.212 traingdx
17 2 10 42.559 . traingda.
38 1 11 42.869 traingdx
20 2 13 43.449 traingda
18 2 11 43.877 _ traingda
24 3 13 43.905 traingda
44 2 13 44.241 traingdx
41 2 10 44.245 traingdx
22 3 1 45.054 traingda
23 3 12 45278 © traingda -
40 1 13 46.029 traingdx
21 3 10 46.873  traingda
19 2 12 47.319 . traingda
36 3 13 47.751  traingdm
10 3 11 52.430 traingd
33 3 10 52.736 traingdm
31 2 12 53.095 traingdm
12 3 13 54.114 traingd
1 3 12 54.469 - traingd
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Performance(RMSE

Model layers nodes/layer train)
32 2 13 55.030
3 10 55.859

8 2 13 55.906
34 3 11 56.175
28 1 13 58.708
35 3 12 59.040
30 2 11 61.165
1 1 10 61.482
27 1 12 66.568
6 2 11 69.407
2 1 11 73.141
5 2 10 73.927
29 2 10 76.579
25 1 10 77.234
7 © 2 12 79.920
26 1 11 81.342
3 1 12 82.985
4 1 13 102.57

oulvlunisneaes

Fixed 0 parameters 194m35ou3 ¥aefi (lue Default) uazinfaonizns

Goudnulasadrnvesiizsea lilusedina
s = v o vy Yt
FWassoudninnlylaun

1. traingd

Gradient descent backpropagation

traingd is a network training function that updates weight and bias values according to
gradient descent.

2. traingda

Gradient descent with adaptive learning rate backpropagation

traingda is a network training function that updates weight and bias values according to
gradient descent with adaptive learning rate.

3. traingdm
Gradient descent with momentum backpropagation
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traingdm is a network training function that updates weight and bias values according to
gradient descent with momentum.

4. traingdx

Gradient descent with momentum and adaptive learning rate backpropagation

traingdx is a network training function that updates weight and bias values according to
gradient descent momentum and an adaptive learning rate.

5. trainrp
Resilient backpropagation

trainrp is a network training function that updates weight and bias values according to the
resilient backpropagation algorithm (RPROP).

6. trainbr

Bayesian regularization backpropagation

trainbr is a network training function that updates the weight and bias values according to
Levenberg-Marquardt optimization. It minimizes a combination of squared errors and
weights, and then determines the correct combination so as to produce a network that
generalizes well. The process is called Bayesian regularization.

7. trainlm

Levenberg-Marquardt backpropagation

trainlm is a network training function that updates weight and bias values according to
Levenberg-Marquardt optimization.

A31UHaNIINAR0Y

WuIe1 RMSE (veemsmsuszuy) vesismshasiuldwaiidaduinaniims

~ 9 = ] Iy = v a a d‘ =3 =Y a A
wlasuTaseadaveuniovieiiisea seesnuuun1snaasInduauwenTeumeunnlszand
amvema TuaalunsdinldiudeyansalildiimsiSens (Unseen data) iuidnuaziiunms
asvaeungafiiasoaiinnulndifssiugadeyaiiqe Taems143s Barly Stopping Tasnsiii
Joyavonu 3 qa lusasidm (3:1:1) lao 3 dnwsnldlunuGoud , daudeanldlums
~ =Y A @ = . a 1 3 9
asvdeUMINAIdssvesiasaifietlosfunsdl Overfitting data vesthsea uazdrugaels

dmfunaaeumilszdniamiudoyands lunaeuneou (Unseen data)
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d' @ A as =4 sld' 9 a a
panaaesi 3 : Amdensmsiseuinlnlseansnmgega

Training

Model Layers Nodes/Layer RMSE(train) RMSE(test) Method
1 1 8 45.208 42.230 gd
2 1 9 41.968 42.702 gd
3 1 10 48.943 47.256 gd
4 1 11 46.014 44.061 gd
5 1 12 43.400 44.462 gd
6 1 13 49.054 50.589 gd
7 1 8 38.561 39.926 gda
8 1 9 43.218 44.747 gda
9 1 10 38.965 37.103 gda
10 1 11 40.278 40.411 gda
11 1 12 42.348 43,387 gda
12 1 13 43.665 41.069 gda
13 1 8 44.184 43.144 gdm
14 1 9 53.663 53.526 gdm
15 1 10 45,931 44.684 gdm
16 1 11 48.200 47.041 gdm
17 1 12 42.640 41.987 gdm
18 1 13 44.758 45.320 gdm
19 1 8 38.947 37.643 gdx

20 1 9 37.739 37.540 gdx
21 1 10 39.133 38.198 gdx
22 1 11 36.774 38.044 gdx
23 1 12 35.861 37.293 gdx
24 1 13 36.207 37.758 gdx
25 1 8 34.011 36.922 p
26 1 9 34.999 37.542 p
27 1 10 35.715 36.973 p
28 1 11 35.583 37.186 p
29 1 12 34.564 37.552 p
30 1 13 35.867 39.398 p
31 1 8 32.825 35.903 br
32 1 9 32.775 37.958 br
33 1 10 30.834 37.520 br
34 1 11 32.887 37.082 br
35 1 12 33.138 36.246 br
36 1 13 33.817 36.828 br
37 1 8 31.902 36.162 Im
38 1 9 29.899 38.184 Im
39 1 10 32.474 35.951 Im
40 1 11 30.335 37.329 Im
41 1 12 32.318 37.454 Im
42 1 13 31.126 38.055 Im
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A
[doulunisnaaes
A & v
Fix parameter dutiu default Manuauaz 14 Early Stopping
d31wan1snaang
Tuafoudad  @audbnisSeuiuu

a = 3/ . .
IMSIEUILYY  trainlm,trainbr

trainrp,traingda ez traingdx Wmaluszduihunan dwitmsSeuiuuy traingd uay

traingdm Tyszansamdunuly
d' v A ag =2 Sld. 9 a a
manaaesil 4 : AadenIsmsiseuinindssansnmgega

A ag ~ 9/ at Y 1 . . . . :
MONITNIIIIUIUT 4 0D 1aun trainlm, trainbr,trainrp 1z traingdx NANDIH

= 3 1 = - d' Q‘ = 9 o dy
2NASI Uanaandlunsainale hidden layers (NOATIVADLINULAY lanadsi

Model ° layers nodes/layer RMSE(train) RMSE(test) Method

1 1 8 37.579 37.943 odx
2 1 9 38.423 38.079 odx
3 1 10 37.777 37.579 odx
4 1 11 36.638 37.185 gdx
5 1 12 36.578 37.187 odx
6 1 13 38.127 36.736 odx
7 2 8 55.387 49.550 odx
8 2 9 42.051 41.274 odx
9 2 10 38.538 39.186 gdx
10 2 11 37.929 37.767 odx
11 2 12 38.520 39.874 gdx
12 2 13 37.021 40.092 odx
13 3 8 41.735 41.156 gdx
14 3 9 39.541 38.502 odx
15 3 10 54.310 51.709 odx
16 3 11 40.552 41216 odx
17 3 12 40.342 40.224 gdx
18 3 13 39.220 38210 odx
19 1 8 36.085 37.652 D
20 1 9 35.560 36.546 p
21 1 10 34343 36.576 p
22 1 11 34.872 37.106 P
23 1 12 36.877 39.996 D
24 1 13 34.153 37.725 D
25 2 8 34.333 739.019 p
26 2 9 37.210 38.468 p
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Model layers nodes/layer RMSE(train) RMSE(test) Method
27 2 10 36.128 37.482 §0)
28 2 11 34.784 38.622 p
29 2 12 34.819 37.179 p
30 2 13 31.920 39.172 p
31 3 8 35.092 38.498 p
32 3 9 34.638 37.593 p
33 3 10 34.551 37.324 p
34 3 11 33.762 37.787 p
35 3 12 34.946 37.753 p
36 3 13 35.022 37.376 p
37 1 8 34.027 36.841 br
38 1 9 33.570 36.758 br
39 1 10 30.896 37.624 br
40 1 11 32.241 36.846 br
41 1 12 32.644 38.108 br
42 1 13 31.763 36.830 br
43 2 8 31.287 36.275 br
44 2 9 33.536 35433 br
45 2 10 br
46 2 11 br
47 2 12 br
48 2 13 br
49 3 8 br
50 3 9 br
51 3 10 br
52 3 11 br
53 3 12 br
54 3 13 br
55 1 8 Im
56 1 9 Im
57 1 10 Im
58 1 11 Im
59 1 12 Im
60 1 13 Im
61 2 8 Im
62 2 9 Im
63 2 10 Im
64 2 11 Im
65 2 12 Im
66 2 13 Im
67 3 8 Im
68 3 9 Im
69 3 10 Im
70 3 11 Im
71 3 12 Im
72 3 13 Im

67




d3ilnamInaane

A ]

wuhAsmsiseudiuy trainbr Wilszdninmleomdsgega Ao A1 RMSE vod
N 1 a 4 a a . dq ¥ ’
n381 Unseen data Tassaudniidensoun TuanuiluaieismsSeudiuy traintm dliwalnd
= as 1 d‘Qd N 3/ = 9 =y o a oa d' 9
Foafu uaiTlami3snsudald memory TumsSoudiniiuanuiuiiy uazszaAnsnni 14
o (IR @ . @ =] Y Y =Y o ad A = @ 9
Aldanafy trainbr min  Seagd IdnlassaavesssuviisoataI ANMUE NEANLYAYD
Ed 9
yaiifo Algorithms M3iSeuiluy trainbr $1194 hidden layers ogluas 2-3 41 117w

kY

nodes/layer a¢lug4 8-9 nodes (Honld 2 Tassada 2 1 8 nodes 3 iU U 9 nodes)

d‘ w A aAq ¥ a A
MInaaeedl 5 : aadon luman Indseansamgga

(FoyasznoumsiinsizeguTWd FinalModels.xls)

Model layers ~ nodes/layer RMSE(train)  RMSE(test)

326178 | 359472
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Compressive Strength Model2
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dlulassadreasslumsiannssuudnemivesdoyaya

Slump Model 2

-
AN

* B & 06

* SN
X

RIS ¢
S0 e

agUnamInaang

10 15

20 25

¢ Measurement

Twaaf 1 fawaswandl (RMSE traint RMSE test) 39anasle luaanaos

3 . a A . ° T L4
MINARBIT 6 : AT TPV UNAUEINTNUsEANTNINNT Prediction AnI1maAnIyal

¥ a a Y it o
nndeyamsnadoulssanininlagswvesteyayaiilumsnanesh 3 waz 4

Y] 4 [~ W [} 1 dy 4 9
1511 &18en Tumaves Neural network 11 3 dadedludunulunisnageudiuae 11 ihedum

aung i I sednsamveanisniiea1ves Neural networks laiiihu lauiamanisel 3

v 2 »
AwnunNag 3 luwa Ao

1. 1 hidden ,10 nodes train a2valgorithm traingda

2. 1 hidden ,13 nodes train G?fwalgorithm traingdx

3. 2 hidden ,9 nodes train ﬁ)’malgorithm trainbr

A vy ' A a A o .
HUGe mamimmmmmwagmﬂu 3 auvnouauwen Early stopping

wazfimua Goal 137 0.001 i1 Learning rate : 0.005 uag Maximum epochs : 2000

TasLUINsnNaanvenili 3 501 Ao
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g :/’ e

P
39U% 1 : I¥douananuanil

U

39

simneRad Concrete Strength 1ag Slump

v k4
sa‘uﬁ 2 - [¥oyarianuafill iunemmizean Concrete Strength

U

smm 3: “lwanamwmm Muremniza Slump

U

ldnansnaansdsil
Round Model RMSE(train) RMSE(test)
1 1 40.421 38.992
1 2 36.838 37.921
1 3 30.973 36.258
2 1 56.776 56.512
2 2 52.722 54320
2 3 47.955 52.452
3 1 1.4021 1.4136
3 2 1.2104 1.1969
3 3 1.0486 1.1242
dyUranInaasy

Y o v 1 v - o 9
Foyagatlannsaldinned Stump 1dgndesgann ualimungiiezinnly

#1118A1 Concrete Strength sz fiainugndessnnniuly

1 4 a A - . o 1 a o
manaaeeh 7 : AT umaIMgueansilssdninimms Prediction Andhiiaianisel

naaeusdoyaiiu 6 dusuuvasiinvesdeyaudiimsinlszantam

Model Source Model =~ RMSE(train) RMSE(test)
1 A 1 43.615 52.219
2 A 2 37.334 68.382
3 A 3 37.111 45.737
4 B 1 49.234 55.461
5 B 2 48.577 53.254
6 B 3 70.535 74.578
7 C 1 55.694 70.398
8 C 2 52.244 62.526
9 C 3 50.156 53.716
10 D 1 43.924 34.994
11 D 2 37.457 34311
12 D 3 40.454 29.089
13 E 1 51.946 49.605
14 E 2 123.66 114.50
15 E 3 48.031 47.789
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Model Source Model =~ RMSE(train) RMSE(test)
16 F 1 52.716 67.998
17 F 2 47.437 52.365
18 F 3 51.790 56.543

v X
#1N15¥181 min,mean,max 1Az variance UoF0YANIYA WU

and 03 ater Ad 3D

min 212| 618.52 992| 97.896 0
mean 291.6| 888.53| 1099.5| 190.77 1.059
max 500] 1282.4] 1197 255.40 3.730
Variance | 2518.6] 5312 979.93| 303.54 0.12959
Age PFA FMSand passNo200

min 7 0 2.05 8.2
mean 19.6 43.1] 2.6811 21.027
max 28 96 3.53 60.324
Variance 106 483.7| 0.11352 81.737

uddievhdoyanihmsmeasidauithauls 3 s udahimsmaimsnszaedn

3/
Yotoya (Variance) Wuil ldwan il

NCA

a a % D 0

A 3.62E-07 | 0.00016008 | 0.00080896 | 288
B 3.55E-07 | 0.00012536 | 0.00102130 | 154
C 1.14E-07 | 0.00017480 | 0.00133840 | 266
D 1.21E-07 | 0.00011339 | 0.00373340 | 158
E 4.82E-08 | 0.00213570 | 0.45822000 | 288
F 4.54E-08 | 0.00212570 | 0.45803000 | 103
All 1.81E-07 | 0.00017398 | 0.00483680 | 1250

MUIBIE © A1 WpcA An ®"5182U Unit water content / Unit cement content,
fpfB Aiv 9n5189U Unit fine aggregate content/(Unit fine aggregate content+ Unit coarse

aggregate content) uag cpfC Apdns1aIU Unit cement content / Unit fine aggregate content
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uaziierifeyavesgamsimeasunianntdeuumaseudoinifedin  wy

| Cement Water Rock Sand Ages SSA ROCK
min 187.5| 117.67 950 716 3 2414

£

v Y w ~
11daeeil

mean 317.11] 171.92| 1124.7| 845.06] 12.905 2637.7
max 442 194.80| 1422.9| 975.24 30 3194
Variance | 2592.6| 54.328| 321.52| 2367.6| 120.52 36700
A and p Ad eD A
min 19843 2285 8 0.19167 0
mean 24392} 239§| 11.387 1.5684] 26.602
max 267321 4063 20 21| 213.33
Variance | 1.94E+06| 943.5| 1.0943 0.28956| 4857

A 9/ =} A o Q2 v 1w I P 3 A (=} =
uaziiosnindoyadl fields eafu Fedadisasidauihauleldissdndoane
a1 857891 Unit water content / Unit cement content Wu1aAuNIAY 0.0072412 Faaasld

=4 (% o = % ' v o9 dy
Lﬁﬂ’l”l‘ll’f)ﬂ;ljﬁiﬂﬂﬂﬂu‘nﬂTiﬂi$%1EJﬂ'J"lJ’ENﬂ”IiJ'lﬂﬂ’ﬂ‘lJ’e)isllaﬁlp:ﬂu

asUnanisnaaswmazuuImand v

} 2

a a o 1 < t 2
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o

v A o £ = o Y et ' I ) -y ya
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6.1. Tsunsw

v
Tasunsy Compressive Strength Prediction 2 gnwandudaa Tusunsy

v a ' 4 .
Matlab szuugiudeyasafiuluTisunsy Access nisAnAaiienToagiudoyald Drivers
ODBC

A = dy 3/
MymIaumaenseu ldsunsudosau

1. FIHUAAIAIVDINI AN

Specific gravity of cement 3.15
* Specific gravity of fine aggregate 2.65
Specific gravity of coarse aggregate 2.70
Specific gravity of water 1.00

v o Aq Ya o
2. AIUNAUADUNIAN I AATIEH

. L) 4
Unit cement Ao USnafudmud
Unit fine aggregate content Ao Usuamse
Unit coarse aggregate content Ao Usumfu

4 = g
Unit water content Ao Ysnani

¥
3. quyAlnaalSuasimuaminy 1 13

E4
=1

4. gumsdsuas ldaail
1 = Unit cement /(3.15*1000) +
Unit fine aggregate content/(2.65*1000) +
Unit coarse aggregate content/(2.7*1000) +

Unit water content/(1*1000)

J= 1 A 1 Y % o [ e
wineme : sxdlowiies 3 190 1 a1 vz wadnFoonudn luia



Jodrialumsleanuvealalsunsu

Cement | . Unit cement . 212-500
Sand -“ Unit fine aggregate content 618-1282
coarse_aggregate . Unit coarse aggregate content 992-1197
water Unit water content 97-255
AdmixtureD * Admixture type 0-3.73
Age Day 0-28

PFA Pulverized fuel ash 0-76
FMsand Fineness modulus 2.05-3.53
passNO200 Dust 8.2-60.324

d%’ & d' 1 t 1 ]
asvuieuves Tsunsuilenl luegTuao

1. 0.40 <= Unit fine aggregate content / (Unit fine aggregate content + Unit coarse
aggregate content ) <= 0.50

fupou « lda1 Unit fine aggregate content %50 Unit coarse aggregate content i

Wiz ay A31da1 .40 <= Unit fine aggregate content / (Unit fine aggregate content +
Unit coarse aggregate content ) <= .50

2. 0.2 <= Unit cement / Unit fine aggregate content <= 0.73

fufon « lda Unit fine aggregate content %30 Unit cement lajmung e 919 1Ae1

Compressive strength ligndes
3. 0.23 <= Unit water content / Unit cement <= 1.04

Suaon « lda1 Unit water content 158 Unit cement liiminzay 919 1de

Compressive strength ligndeq «
4. Day =728

fudou « lda Day =7 #3928 drlda1du 819 1dA1 Compressive strength hlligﬂéfm “
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6.2. Han13auvealdsunsy
6.2.1. manaasamanauvesllsunsu

naapwensndoyavoniludiug  iionageumIAINNNAANAIAYBIUARL NN
i r < 1 =) y o 1 [ v (Y
Taousannmianuudwnsaweanounia (Output veamssine) sendugie Fnaziniuld

kY
NANTINAADIAIH

- group ~ min(data) max(data) RMSE(train) RMSE(test)
1 1 100 600 47.945 53.376
2 1 100 350 38.344 42.459
2 350 600 42.705 44.039
3 1 100 250 25.290 20.829
2 250 400 33.517 34.619
3 400 550 34.605 35.533
4 1 100 200 20.753 22.022
2 200 300 27.042 26.774
3 300 400 28.183 28.726
4 400 500 29.095 28.648
5 500 600 28.787 8.5755
5 1 100 180 15.297 11.704
2 180 260 21.411 21.439
3 260 340 22.782 21.025
4 340 420 22.176 21.795
5 420 500 25.529 18.691
6 500 580 16.494 14.800
6 1 100 160 10.690 . 17.672
2 160 2204 17.497 - 16.635
3 220 . 280 | 16.625 18.160
4 - 280 340 16.558 -16.245
5 340 400 18.475 17.191
6 400 460 17.655 15.829
7 460 520 -~ | 20.851 22.927
ajimanaass

msutanguieyasio sz dntamvesmahueveslassinelszamiienta

¥ oA o @ o o 3
Fuiileann output gasifasgluveuaiuavauaziiaunAy
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7 day strength

No. | cement sand coarse | water | slump | AdmixtureD |age|pfm | fm | pass200 | compress prediction | Difference | %error
1 240 920.08 1122 | 188.08 10 0.84 7 | 61 |2.68 13.89 150 211 61 40.67
2 276 905.24 1114 | 190.24 11 0.87 7 | 50 |2.68 13.66 158 228 70 44.30
3 253 988.79 1110 | 186.79 10 0.80 7 | 44 207 46.96 168 293 125 74.40
4 260 868.95 1122 | 181.95 12 0.91 7 | 65 |2.73 11.56 174 231 57 32.76
5 255 946.58 1103 | 188.58 10 0.00 7 | 43 1293 8.93 179 156 23 12.85
6 261 903.12 1089 | 209.12 13 1.10 7 165 (273 11.93 186 219 33 17.74
7 254 933.86 1118 | 182.86 10 0.81 7 | 43 | 242 24.67 190 212 22 11.58
8 255 950.30 1112 | 194.30 10 0.80 7 | 45 |2.30| 2740 194 204 10 5.15
9 260 871.50 1100 | 191.50 10 0.91 7 | 65 232 2324 200 222 22 11.00
10 256 980.84 1112 | 183.84 10 0.81 7 | 45 [2.50] 2531 206 211 5 2.43
11 240 907.20 1122 | 190.20 10 0.83 7 | 60 [232] 2419 210 207 3 1.43 |
12 255 | 969.84 1114 | 184.84 10 0.80 7 | 45 (242 28.74 215 207 8 3.72
13 261 892.52 1096 | 192.52 12 0.90 7 | 64 [2.19 “ 30.31 220 221 1 0.45
14 251 948.30 1116 | 187.30 12 0.96 7 63 |3.00| 31.32 225 231 6 2.67
15 300 1032.3 1100 | 202.30 10 0.76 71 0 |2.16 18.60 230 254 24 10.43
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No. | cement sand coarse | water | slump | AdmixtureD |age|pfm| fm | pass200 | compress prediction | Difference | %error
16 240 914.78 1113 | 177.78 10 0.83 7 | 60 {2.66| 22.44 233 205 28 12.02
17 319 879.80 1030 | 192.80 18 1.90 7 | 55 |2.68 13.28 235 279 44 18.72
18 280 871.32 1098 | 202.32 12 0.97 7 69 [273 11.51 237 245 8 3.38
19 321 877.68 1032 | 212.68 18 1.90 7 | 55 (273 11.59 241 274 33 13.69
20 254 927.50 1110 | 164.50 9 0.80 7 |45 (290 20.13 243 213 30 12.35
21 320 879.80 1034 | 199.80 20 1.91 7 | 54 12.19] 29.88 245 268 23 9.39
22 273 958.72 1146 | 205.72 10 1.04 7 | 69 |2.05 8.56 248 279 31 12.50
23 310 1075.2 1084 | 184.20 10 0.79 7| 0 |3.00] 3456 252 254 2 0.79
24 320 874.50 1033 | 198.50 18 191 7 |56 |2.19] 29.70 253 266 13 5.14
25 320 879.80 1033 | 202.80 19 1.91 7 |55 (273 11.62 256 276 20 7.81
26 280 914.66 1090 | 194.66 12 1.18 7 | 70 {2.50] 23.60 260 265 5 1.92
27 260 902.01 1123 | 143.01 10 0.96 7 | 65 |2.83 18.55 262 255 7 2.67
28 319 884.04 1032 | 199.04 19 1.90 7 |55 1273 11.68 265 278 13 491
29 325 1057.28 | 1090 | 212.28 10 0.86 71 0 [2.86 11.33 271 278 7 2.58
30 275 1117.76 | 1094 | 238.76 8 0.71 71 0 |2.86 11.98 280 253 27 9.64
31 320 881.92 1030 | 202.92 18 1.91 7 |55 (219 29.95 285 267 18 6.32
32 321 886.16 1038 | 227.16 18 1.90 7 |55 (266 21.74 290 256 34 11.72
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No. | cement sand coarse | water | slump | AdmixtureD |age|pfm | fm | pass200 | compress prediction | Difference | %error
33 272 1019.2 1070 | 230.20 10 1.25 7 | 69  2.86 10.92 292 247 45 15.41
34 319 884.04 1036 | 208.04 19 1.90 7 | 551273 11.68 296 275 21 7.09
35 274 918.06 1082 | 172.06 12 0.96 7 | 51 |3.02 17.16 303 240 63 20.79
36 315 869.04 1086 | 198.04 12 0.93 7 |35 (216} 2285 313 248 65 20.77
37 320 900.94 1036 | 199.94 18 1.91 7 | 55 266 21.89 319 270 49 15.36
38 360 936.25 1065 | 174.25 12 1.15 7 1 0 |3.02 17.50 330 326 4 1.21
39 426 824.68 1080 | 196.68 11 1.08 710 |216] 2178 343 338 5 1.46
40 320 886.16 1036 | 203.16 18 1.90 7 551273 11.70 355 276 79 22.25
41 500 771.68 1090 | 196.68 12 1.30 71 0 229 18.93 369 368 1 0.27
42 423 809.84 1072 | 195.84 12 1.09 710 |216| 21.39 389 336 53 13.62
43 399 892.08 1104 | 175.08 12 1.06 71 0 |3.02 16.52 422 341 g1 19.19
44 448 829.98 1080 | 182.98 14 1.17 710 1273 10.96 479 355 124 25.89
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28 day strength

No.| cement | sand | coarse | water | slump | AdmixtureD |age|pfm | fm | pass200new | compress | prediction | Difference | %error
1 235 973.70 | 1110 | 193.70 10 0.78 28 | 42 |3.14 14.56 177 241 64 36.16
2 235 977.98 | 1106 | 184.98 9 0.79 28 | 41 |3.14 14.62 192 236 44 22.92
3 275 926.62 | 1093 | 182.62 11 1.12 28 | 50 |3.02 17.32 202 245 43 21.29
4 255 826.26 | 1077 | 192.74 11 0.81 28 | 45 | 2.14 36.92 207 233 26 12.56
5 255 948.02 | 1112 | 202.02 10 0.81 28 | 45 |2.64 14.18 216 260 44 20.37
6 251 790.24 | 1112 | 200.76 12 0.97 28 | 63 |3.00 32.33 224 285 61 27.23
7 240 | 906.15 | 1113 | 197.15 10 0.84 28 | 60 |2.32 24.16 228 260 32 14.04
8 255 828.14 | 1112 | 182.86 12 0.81 28 | 44 |2.14 37.00 235 250 15 6.38
9 231 802.56 | 1140 | 189.44 10 0.89 28 | 58 |3.00 32.83 240 289 49 20.42
10 | 271 823.25 | 1110 | 189.75 10 0.79 28 | 30 |2.16 17.80 246 279 33 13.41
11 274 804.10 | 1124 | 187.90 10 0.82 28 | 50 |2.86 10.32 250 283 33 13.20
12 276 | 90524 | 1114 | 190.24 11 0.87 28 | 50 |2.68 13.66 257 294 37 14.40
13 232 811.36 | 1140 | 200.64 9 0.88 28 | 58 |3.04 22.13 262 294 32 12.21
14 | 255 952.30 | 1110 | 184.30 10 0.86 28 | 44 |2.83 19.58 267 262 5 1.87
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No. | cement | sand | coarse | water | slump | AdmixtureD |age|pfm| fm | pass200new | compress prediction Differencé %error
31| 272 | 76622 | 1152 | 18678 | 10 1.04 28 | 68 {3.00| .3031 368 384 16 4.35
32 314 890.24 | 1116 | 170.24 10 1.00 28 | 34 |2.83 18.30 376 344 32 8.51
33 325 821.92 | 1068 205.08 10 0.84 28 0 |3.24 26.15 388 328 60 15.46
34 325 834.24 | 1088 | 226.76 10 0.86 281 0 |2.86 11.38 390 326 64 16.41
35 350 839.52 | 1104 | 236.48 8 0.94 28| 0 |3.24 26.71 395 388 7 | 1.77
36 426 763.28 | 1084 | 198.72 12 1.10 281 0 |2.86 9.74 402 419 17 4.23
37 350 809.60 | 1072 | 210.40 10 0.92 28| 0 |3.24 25.76 409 369 40 9.78
38 314 898.80 | 1116 | 164.80 12 1.00 28 | 36 2.83 18.48 420 348 72 17.14
39 400 904.89 | 1112 | 184.89 12 1.06 281 0 |3.14 13.34 431 422 9 2.09
40 | 425 751.44 | 1084 | 198.56 11 1.10 281 0 |2.16 25.86 446 412 34 7.62
41 400 909.23 | 1108 | 203.23 9 1.06 280 0 [3.14 1341 453 431 22 4.86
42 424 748.47 | 1086 | 200.53 12 1.11 28| 0 |2.16 26.18 468 412 56 11.97
43 425 74272 | 1110 | 220.28 10 1.13 28| 0 |3.24 23.63 489 444 45 9.20
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v o 1

4 P 4 A e o d o o
A15199 6.3. uaauos IFUAAMYAAAATIUNTIIN1AIDAN 1] W DIYADUNIAN 7 IU LAY 28 1Y

7 days strength 28 days strength
strength(ksc) | % error strength(ksc) | % error
<180 41.00 <220 19.28
181—210 8.22 221-250 15.78
211-240 7.34 251 -280 8.04
241—27Q 7.12 281 -310 6.42
271 -300 8.80 311-340 7.36
301-330 14.53 341 -370 7.88
331 -360 11.86 371 -400 10.54
361 -390 6.95 401 - 430 10.38
> 390 22.54 431 - 460 4.86
461 - 490 10.58
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DEPARTMENT OF CIVIL ENGINEERING

FACULTY OF ENGINEERING, KING MONGKUT’S INSTITUTE
OF TECHNOLOGY
LADKRABANG BANGKOK THAILAND TEL 02-326-4216

A15199 .01 LEAUATTIUNTNATDY

Standard Specification for Destination
Seive analysis of coarse and find aggregate ASTM C136-96a
Specific Gravity and absorption of course aggregate ASTM C127-88
Specific Gravity and absorption of fine aggregate ASTM C128-93
Unit Weight and Voids in aggregate ASTM C29-91a
Clay Lump and Friable Particles in aggregate ASTM C142-78

Material Finer than No.200 sieve in Mineral Aggregate

by Washing ASTM C117-95

Resistant to Degradation of small-size course aggregate

by abrasion and Impact in the Los Angeles Machine ASTM C131-96
Soundness of Aggregate by Use of Sodium Sulfate ASTM C88-90
Organic Impurities in fine aggregate for concrete ASTM C40-92
Setting Time for Cement Paste ASTM C187-86

ASTM C191-99

Strength Index ASTM C109

ASTM C109M-99

N2
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SPECIFIC GRAVITY AND ABSORPTION

OF FINE AGGREGATE

PROJECT : Iasaniudies w.e. 1) 4/2547 SAMPLE TYPE : N318¥y11

TESTED BY : Nuafind _nansuy TEST DATE : 15 WoaAIn1ou 2547
DETERMINATION NO. 1 2
WT.SAND (SAT.SURE.DRY)(B),g. 604 616
WT.FLASK+SAND (SAT.SURE.DRY)+WATER(W),g. 1956 1961
WT.BOWL ,g. 575 575
WT.BOWL+DRY SAND ,g. 1195 1204
WT.DRY SAND(A).g. 620 629
WT.FLASK+WATER(W,).g. 1579 1583
BULK SPECIFIC GRAVITY,A/(B+W W) 2.73 2.64
BULK SPECIFIC GRAVITY,(SAT.SURE.DRY),B/(B+WC-W) 2.66 2.59
APPARENT SPECIFIC GRAVITY, AAW +A-W) 2.55 2.51
PERCENT ABSORPTION(%), (B-A)*100/A 2.58 2.07

HU2




SPECIFIC GRAVITY AND ABSORPTION

OF COARSE AGGREGATE

PROJECT : 1A5991URIAY WA, 3] 4/2547 SAMPLE TYPE : #iu 1 42

TESTED BY : Nuafind _nawsuu TEST DATE : 15 WARMeu 2547
DETERMINATION NO. 1
WT.CONTAINER SAT.SURE.DRY AGGREGATE ,g. 7241
WT.CONTAINER+ DRY AGGREGATE ,g. 7234
WT.CONTAINER ,g. 2212
WT.SAT.SURE.DRY AGGREGATE (B),g 5029
WT.DRY AGGREGATE(A),g. 5022
WT.SAT.AGGREGATE IN WATER(C),g. 3200
BULK SPECIFIC GRAVITY,(OVEN DRY BASIS),A/(B-C) 2.75
BULK SPECIFIC GRAVITY,(SAT.SURE.DRY BASIS),B/(B-C) 2.76
APPARENT SPECIFIC GRAVITY, A/(A-C) 2.756
PERCENT ABSORPTION(%), [(B-A)/A]*100,% 0.14

MHU3




" UNIT WEIGHT OF AGGREGATE

PROJECT : Ipsaqiufisty w.e. 5142547 SAMPLE TYPE: #iu uag nsig

TESTED BY : NudfnA_ nansny

TEST DATE : 15 Woednieu 2547

TRIAL NO. SAND COARSE3/4" COARSET1"
VOLUME OF CONTAINER (m’) ,V 0.003 0.003 0.003
WT. OF SAMPLE+CONTAINER(kg) ,W 8.105 7.878 7.896
WT. OF CONTAINER(kg) ,W, 2.896 2.896 2.896
WT. OF SAMPLE(kg) ,W-W, 5.209 4.982 5.000
UNIT WEIGTH W-WI/V(kg/m3 ) 1736.33 1660.67 1666.67

wU4




SIEVE ANALYSIS

PROJECT : 1Asa1uiay u.e. 3] 4/2547 SAMPLE TYPE : 73181811

TESTED BY : NU3fnA . nansmy TEST DATE : 15 WQfQn18y 2547

SEIVE SEIVE WT.SEIVE | WT.SEIVE+ | WT.SAMPLE | PERCENT | COMULATIVE | PERCENT
NO | OPENING SAMPLE RETAINED | RETAINED PERCENT FINE OR
(mm.) (gm.) (gm.) (gm.) RETAINED PASSING
3/8" 9.5 799 799 0 0 0 100
4 4.75 459 472 13 1.3 1.3 98.7
8 2.36 696 808 112 11.2 12.5 87.5
16 1.18 644 © 964 320 32 44.5 55.5
30 0.6 606 845 239 23.9 68.4 31.6
50 0.3 550 726 176 17.6 86 14
100 0.15 517 638 121 12.1 98.1 1.9
PAN 384 403 19 1.9 100 0

M5
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@159 W.A.1. LEAINITODNUU VA IUNENADUNIAN 180 ksc. Slump 7-10

Coarse 17
Mix Design of Concrete
Design Criteria

Ultimate strength of Concrete (fc') = 180 ksc
Specific Gravity
Portland Cement Type 1 = 315
Fine Aggregate (Sand) = 263
Coarse Aggregate (Rock) = 276
Water = 1.00
Unit Weight of Aggregate
Fine Aggregate (Sand) = 1736 kg/m3
Coarse Aggregate (Rock) = 1666 kg/m3
Mixing Water = 1000 kg/m3
Maximum Size of Aggregate = 25 mm.

(1"
Finess Modulus of Fine Aggregate = 3.00

Percent of Coarse aggregate by volume
Slump of Concrete

= 0.65 cu.m/cu.mconcrete

Design Mix
Use mixing water

Use cement

= 7-10 cm.
Calculation
= 180 = 180 ksc.
= 193.5 kg/cu.m.concrete
w/c ratio (by weight) = 073
= 193.5/0.733 = 264.0 kg/cu.m.concrete
= 0.65x1666

Use Coarse Aggregate

Volume of cement

Volume of water

Volume of Coarse Aggregate
Volume of air void

Volume of Fine Aggregate

Use Fine Aggregate

~ 264/(3.15x1000)
193.5/1000
1082.9/(2.76x1000)
1.50%

= 1-0.084-0.1935-0.392-0.015

0.315x2.63x1000

=1082.9 kg/cu.m.concrete

]

0.084 cu.m.
0.194 cu.m.
0.392 cu.m.
0.015 cu.m.
0.315 cu.m.

828.5 kg/cu.m.concrete

Conclusion Used Material

Material 1cu.m. of concrete 50 kg of cement
(kg) (litres) (kg) (litres)
Cement 264 84 50 16
Water 194 194 37 37
Sand 828 315 157 60
Rock 1083 392 205 74
Total 2369 985 449 187

W2




Q15190 W.A.2. LAAIAITODNUUUAIUNTUADUNTAT 200 ksc.  Slump 7-10

Percent of Coarse aggregate by volume
Slump of Concrete

Coarse 17
Mix Design of Concrete
Design Criteria

Ultimate strength of Concrete (fc') = 200 ksc
Specific Gravity

Portland Cement Type 1 = 315

Fine Aggregate (Sand) = 263
Coarse Aggregate (Rock) = 276

Water = 1.00

Unit Weight of Aggregate

Fine Aggregate (Sand) = 1736 kg/m3
Coarse Aggregate (Rock) = 1666 kg/m3
Mixing Water = 1000 kg/m3
-Maximum Size of Aggregate = 25 mm.

(1
Finess Modulus of Fine Aggregate = 3.00

= (.65 cu.m/cu.mconcrete

Design Mix
Use mixing water

Use cement

Volume of cement

Volume of water

Volume of air void

= 7-10 cm.
Calculation
= 200 = 200 ksc.
= 193.5 kg/cu.m.concrete
w/c ratio (by weight) = 0.69
= 193.5/0.69 = 280.4 kg/cu.m.concrete
Use Coarse Aggregate = 0.65x1666 = 1082.9 kg/cu.m.concrete
= 280.4/(3.15x1000) = 0.089 cu.m.
= 193.5/1000 = 0.194 cu.m.
Volume of Coarse Aggregate = 1082.9/(2.76x1000) = 0.392 cu.m.
= 1.50% = 0.015 cu.m.
Volume of Fine Aggregate = 1-0.089-0.1935-0.392-0.015 = 0.310 cu.m.
= 0.310x2.63x1000 = 815.3 kg/cu.m.concrete

Use Fine Aggregate

Conclusion Used Material

Material 1cu.m. of concrete 50 kg of cement
(kg) (litres) (kg) (litres)
Cement 280 89 50 16
Water 194 194 35 35
Sand 815 310 145 55
Rock 1083 392 193 70
Total 2372 985 423 176

A3




Q15197 W03, LAAINITBBNLULAIUNANABUNTAN 220 ksc. Slump 7-10 Coarse 17

Mix Design of Concrete

Design Criteria

Uitimate strength of Concrete (fc') = 220 ksc
Specific Gravity
Portland Cement Type 1 = 315
Fine Aggregate (Sand) = 263
Coarse Aggregate (Rock) = 276
Water = 1.00
Unit Weight of Aggregate
Fine Aggregate (Sand) = 1736 kg/m3
Coarse Aggregate (Rock) = 1666 kg/m3
Mixing Water = 1000 kg/m3
Maximum Size of Aggregate = 25 mm.

(1
Finess Modulus of Fine Aggregate = 3.00
Percent of Coarse aggregate by volume = 0.65 cu.m/cu.mconcrete
Slump of Concrete = 7-10 cm.

Calculation

Design Mix = 220 = 220 ksc.
Use mixing water = 193.5 kg/cu.m.concrete
w/c ratio (by weight) = 0.65

Use cement
Use Coarse Aggregate

Volume of cement

Voilume of water

Volume of Coarse Aggregate
Volume of air void

Volume of Fine Aggregate

Use Fine Aggregate

= 193.5/0.654 295.9 kg/cu.m.concrete
= 0.65x1666 = 1082.9 kg/cu.m.concrete

I

= 295.9/(3.15x1000) = 0.094 cu.m.
= 193.5/1000 = 0.194 cu.m.
= 1082.9/(2.76x1000) = 0.392 cu.m.
= 1.50% = 0.015 cu.m.
= 1-0.094-0.1935-0.392-0.015 = 0.305 cu.m.

= 0.305x2.63x1000

i

802.2 kg/cu.m.concrete

Conclusion Used Material

Material 1cu.m. of concrete 50 kg of cement
(kg) (litres) (kg) (litres)
Cement 296 94 50 16
Water 194 194 33 33
Sand 802 305 136 52
Rock 1083 392 183 i 66
Total 2374 985 401 166

Al




A15197 W.A4. LEAINTTODNLLUAIUKNANADUNIAN 240 ksc.

Slump 7-10 Coarse 1”7
Mix Design of Concrete
Design Criteria

Ultimate strength of Concrete (fc') = 240 ksc
Specific Gravity
Portiand Cement Type 1 = 315
Fine Aggregate (Sand) = 263
Coarse Aggregate (Rock) = 276
Water = 1.00
Unit Weight of Aggregate
Fine Aggregate (Sand) = 1736 kg/m3
Coarse Aggregate (Rock) = 1666 kg/m3
Mixing Water = 1000 kg/m3
Maximum Size of Aggregate = 25 mm.

(")
Finess Modulus of Fine Aggregate = 3.00
Percent of Coarse aggregate by volume = 0.65 cu.m/cu.mconcrete
Siump of Concrete = 710 cm.

Calculation

Design Mix = 240 = 240 ksc.
Use mixing water = 193.5 kg/cu.m.concrete
wic ratio (by weight) = 0.62
Use cement = 193.5/0.62 = 312.1 kg/cu.m.concrete
Use Coarse Aggregate = 0.65x1666 = 1082.9 kg/cu.m.concrete

Volume of cement

Volume of water

Volume of Coarse Aggregate
Volume of air void

Volume of Fine Aggregate

Use Fine Aggregate

312.1/(3.15x1000)
193.5/1000

1082.9/(2.76x1000)

1.50%

= 1-0.099-0.1935-0.392-0.015

0.300x2.63x1000

= 0.099 cu.m.
= 0.194 cum.
= 0.392 cu.m.
= 0.015 cum.
= 0.300 cu.m.

= 789.0 kg/cu.m.concrete

Conclusion Used Material

Material 1cu.m. of concrete 50 kg of cement
(kg) (litres) (kg) (litres)
Cement 312 99 50 16
Water 194 194 31 3
Sand 789 300 126 48
Rock 1083 392 173 63
Total 2377 985 381 158

HWAS




A15197 W.A.5. LAAINITOBNUUUEIUNTUABUNTAN 260 ksc. Slump 7-10

Coarse 17
Mix Design of Concrete
Design Criteria
Ultimate strength of Concrete (fc') = 260 ksc
Specific Gravity
Portland Cement Type 1 = 3.15
Fine Aggregate (Sand) = 263
Coarse Aggregate (Rock) = 276
Water = 1.00
Unit Weight of Aggregate
Fine Aggregate (Sand) = 1736 kg/m3
Coarse Aggregate (Rock) = 1666 kg/m3
Mixing Water = 1000 kg/m3
Maximum Size of Aggregate = 25 mm.
(1"
Finess Modulus of Fine Aggregate = 3.00

Percent of Coarse aggregate by volume
Slump of Concrete

= 0.65 cu.m/cu.mconcrete

Design Mix
Use mixing water

Use cement

Volume of cement

Volume of water

Volume of air void

= 7-10 cm.
Calculation
= 260 = 260 ksc.
= 193.5 kg/cu.m.concrete
w/c ratio (by weight) = 0.59
= 193.5/0.59 = 328.0 kg/cu.m.concrete
Use Coarse Aggregate = 0.65x1666 = 1082.9 kg/cu.m.concrete
= 328/(3.15x1000) = 0.104 cu.m.
= 193.5/1000 = 0.194 cu.m.
Volume of Coarse Aggregate = 1082.9/(2.76x1000) = 0.392 cu.m.
= 1.50% = 0.015 cu.m.
Volume of Fine Aggregate = 1-0.104-0.1935-0.392-0.015 = 0.295 cu.m.

Use Fine Aggregate

0.295x2.63x1000

= 775.9 kg/cu.m.concrete

Conclusion Used Material

Material 1cu.m. of concrete 50 kg of cement
(k@) (litres) (kg) (litres)
Cement 328 104 50 16
Water 194 194 30 30
Sand 776 295 118 45
Rock 1083 392 165 60
Total 2380 985 363 150

HA6




MINT K06, LAAINTOBNLUVE IUHANADUNIAN 280 ksc. Slump 7-10

Coarse 17
Mix Design of Concrete
Design Criteria
Ultimate strength of Concrete (fc') = 280 ksc
Specific Gravity
Portland Cement Type 1 = 3.15
Fine Aggregate (Sand) = 263
Coarse Aggregate (Rock) = 276
Water = 1.00
Unit Weight of Aggregate
Fine Aggregate (Sand) = 1736 kg/m3
Coarse Aggregate (Rock) = 1666 kg/m3
Mixing Water = 1000 kg/m3
Maximum Size of Aggregate = 25 mm.
(1"
Finess Modulus of Fine Aggregate = 3.00

Percent of Coarse aggregate by volume
Slump of Concrete

= (.65 cu.m/cu.mconcrete
= 7-10 cm.

Design Mix

Use mixing water

w/c ratio (by weight)
Use cement

Use Coarse Aggregate

Volume of cement

Volume of water

Volume of Coarse Aggregate
Volume of air void

Volume of Fine Aggregate

Use Fine Aggregate

Calculation

280

193.5/0.56
0.65x1666

345.5/(3.15x1000)
193.5/1000
1082.9/(2.76x1000)
1.50%

= 1-0.110-0.1935-0.392-0.015

0.289x2.63x1000

280 ksc.

193.5 kg/cu.m.concrete
0.56

= 345.5 kg/cu.m.concrete

=1082.9 kg/cu.m.concrete

= 0.110 cu.m.
= 0.194 cu.m.
= 0.392 cu.m.
= 0.015 cu.m.
= 0.289 cu.m.

= 760.1 kg/cu.m.concrete

Conclusion Used Material

Material 1cu.m. of concrete 50 kg of cement
(kg) (litres) (kg) (litres)
Cement 346 110 50 16
Water 194 194 28 28
Sand 760 289 110 42
Rock 1083 392 157 57
Total 2382 985 345 143

HAT7




Percent of Coarse aggregate by volume

Slump of Concrete

A \ A o
A19190 H.R.7. Llﬁﬂ\iﬂ'liﬂﬂﬂLLUUﬁ’JuNﬁﬂJﬂﬂuﬂﬁﬂ‘ﬁ 300 ksc. Slump 7-10 Coarse 17
Mix Design of Concrete
) Design Criteria
Ultimate strength of Concrete (fc') = 300 ksc
Specific Gravity
: Portland Cement Type 1 = 315
Fine Aggregate (Sand) = 263
Coarse Aggregate (Rock) = 276
Water = 1.00
Unit Weight of Aggregate
Fine Aggregate (Sand) = 1736 kg/m3
Coarse Aggregate (Rock) = 1666 kg/m3
Mixing Water = 1000 kg/m3
Maximum Size of Aggregate = 25 mm.
(1
Finess Modulus of Fine Aggregate = 3.00

= 0.65 cu.m/cu.mconcrete
= 7-10 cm.

Design Mix

Use mixing water

w/c ratio (by weight)
Use cement

Use Coarse Aggregate

Volume of cement

Volume of water

Volume of Coarse Aggregate
Volume of air void

Volume of Fine Aggregate

Use Fine Aggregate

Calculation

300

193.5/0.54
0.65x1666

358.3/(3.15x1000)
193.5/1000
1082.9/(2.76x1000)

1.50%
1-0.114-0.1935-0.392-0.015

0.285x2.63x1000

= 300 ksc.

193.5 kg/cu.m.concrete
0.54

= 358.3 kg/cu.m.concrete

=1082.9 kg/cu.m.concrete

= 0.114 cu.m.
= 0.194 cu.m.
= 0.392 cu.m.
= 0.015 cu.m.
= 0.285 cu.m.

= 749.6 kg/cu.m.concrete

Conclusion Used Material

Material 1cu.m. of concrete 50 kg of cement
(kg) (litres) (kg) (litres)
Cement 358 114 50 16
Water 194 194 27 27
Sand 750 285 105 40
Rock 1083 392 151 55
Total 2384 985 333 137

HAg




A15199 W98, LAAINITBBNUUVEIUNANADUNTAT 320 ksc.  Slump 7-10

Water

Mixing Water

Coarse 17
Mix Design of Concrete
Design Criteria

Ultimate strength of Concrete (fc") = 320 ksc
Specific Gravity
Portland Cement Type 1 = 3.15
Fine Aggregate (Sand) = 2.63
Coarse Aggregate (Rock) = 276

= 1.00
Unit Weight of Aggregate
Fine Aggregate (Sand) = 1736 kg/m3
Coarse Aggregate (Rock) = 1666 kg/m3

= 1000 kg/m3
Maximum Size of Aggregate = 25 mm.

. (1"

Finess Modulus of Fine Aggregate = 3.00

Percent of Coarse aggregate by volume
Sjump of Concrete

= (.65 cu.m/cu.mconcrete

Design Mix
Use mixing water

Use cement

Volume of cement

Volume of water

Volume of air void

= 7-10 cm.
Calculation
= 320 = 320 ksc.
= 193.5 kg/cu.m.concrete
w/c ratio (by weight) = 0.51
= 193.5/0.51 = 379.4 kg/cu.m.concrete
Use Coarse Aggregate = 0.65x1666 =1082.9 kg/cu.m.concrete
= 379.4/(3.15x1000) = 0.120 cu.m.
= 193.5/1000 = 0.194 cu.m.
Volume of Coarse Aggregate = 1082.9/(2.76x1000) = 0.392 cu.m.
= 1.50% = 0.015 cu.m.
Volume of Fine Aggregate = 1-0.120-0.1935-0.392-0.015 = 0.279 cu.m.
= 0.279x2.63x1000 = 733.8 kg/cu.m.concrete

Use Fine Aggregate

Conclusion Used Material

. 1cu.m. of concrete 50 kg of cement
Material
(kg) (litres) (kg) (litres)

Cement 379 120 50 16

Water 194 194 26 26

Sand 734 279 97 37

Rock 1083 392 143 52

Total 2390 985 315 130

N9




Q15N .09, LAAINITODNUUUNIUNTUADUNTAN 180 ksc.  Slump 10-13 Coarse 17

Mix Design of Concrete

Design Criteria

Ultimate strength of Concrete (fc') = 180 ksc
Specific Gravity
Portland Cement Type 1 e = 3.15
Fine Aggregate (Sand) = 263
Coarse Aggregate (Rock) = 276
Water = 1.00
Unit Weight of Aggregate
Fine Aggregate (Sand) = 1736 kg/m3
Coarse Aggregate (Rock) = 1666 kg/m3
Mixing Water = 1000 kg/m3
Maximum Size of Aggregate = 25 mm.

(1)
Finess Modulus of Fine Aggregate = 3.00
Percent of Coarse aggregate by volume = 0.65 cu.m/cu.mconcrete
Slump of Concrete = 10-13 cm.

Calculation

Design Mix = 180 = 180 ksc.
Use mixing water = 198.9 kg/cu.m.concrete
w/c ratio (by weight) = 073
Use cement = 198.9/0.733 = 271.4 kg/cu.m.concrete
Use Coarse Aggregate = 0.65x1666 = 1082.9 kg/cu.m.concrete
Volume of cement = 271.4/(3.15x1000) = 0.086 cu.m.
Volume of water = 198.9/1000 = 0.199 cu.m.
Volume of Coarse Aggregate = 1082.9/(2.76x1000) = 0.392 cu.m.
Volume of air void = 1.50% = 0.015 cu.m.
Volume of Fine Aggregate = 1-0.086-0.1989-0.392-0.015 = 0.308 cu.m.
Use Fine Aggregate = 0.308x2.63x1000 = 810.0 kg/cu.m.concrete

Conclusion Used Material

Material 1cu.m. of concrete 50 kg of cement
(kg) (litres) (kg) (litres)
Cement 271 86 50 16
Water 199 199 37 37
Sand 810 308 149 57
Rock 1083 392 200 72
Total 2363 985 435 181

WAL10




A191971 W.9.10. LEAINIDDALULAIUHNAUADUNTAT 200 ksc.  Slump 10-13  Coarse 17

Mix Design of Concrete

Design Criteria

Ultimate strength of Concrete (fc') = 200 ksc
Specific Gravity
Portland Cement Type 1 : = 3.15
Fine Aggregate (Sand) = 263
Coarse Aggregate (Rock) = 276
Water = 1.00
Unit Weight of Aggregate
Fine Aggregate (Sand) = 1736 kg/m3
Coarse Aggregate (Rock) = 1666 kg/m3
Mixing Water = 1000 kg/m3
Maximum Size of Aggregate = 25 mm.

(1)
Finess Modulus of Fine Aggregate = 3.00
Percent of Coarse aggregate by volume = 0.65 cu.m/cu.mconcrete
Slump of Concrete = 10-13 cm.

Calculation

Design Mix = 200 = 200 ksc.
Use mixing water = 198.9 kg/cu.m.concrete
w/c ratio (by weight) = 0.69
Use cement = 198.9/0.69 = 288.3 kg/cu.m.concrete
Use Coarse Aggregate = 0.65x1666 = 1082.9 kg/cu.m.concrete
Volume of cement = 288.3/(3.15x1000) = 0.092 cu.m.
Volume of water = 198.9/1000 = 0.199 cu.m.
Volume of Coarse Aggregate = 1082.9/(2.76x1000) = 0.392 cu.m.
Volume of air void = 1.50% = 0.015 cu.m.
Volume of Fine Aggregate = 1-0.092-0.1989-0.392-0.015 = 0.302 cu.m.
Use Fine Aggregate = 0.302x2.63x1000 = 794.3 kg/cu.m.concrete

Conclusion Used Material

Material 1cu.m. of concrete 50 kg of cement
(kg) (litres) (kg) (litres)
Cement 288 92 50 16
Water 199 199 35 35
Sand 794 302 138 52
Rock 1083 392 188 68
Total 2364 985 410 171

WAl




A137199 W.A.11. LAAINITEDNUUDEIUNANABUNTAN 220 ksc. Slump 10-13 Coarse 17

Mix Design of Concrete

Ultimate strength of Concrete (fc')

Specific Gravity

Portland Cement Type 1
Fine Aggregate (Sand)
Coarse Aggregate (Rock)
Water

Unit Weight of Aggregate
Fine Aggregate (Sand)
Coarse Aggregate (Rock)
Mixing Water

Maximum Size of Aggregate
Finess Modulus of “ine Aggregate

Percent of Coarse aggregate by volume
Slump of Concrete

Design Criteria

220 ksc

3.15
2.63
2.76
1.00

1736 kg/m3
1666 kg/m3
1000 kg/m3

25 mm.

(1")

3.00

0.65 cu.m/cu.mconcrete
10-13 cm.

Design Mix

Use mixing water

w/c ratio (by weight)
Use cement

Use Coarse Aggregate

Volume of cement

Volume of water

Volume of Coarse Aggregate
Volume of air void

Volume of Fine Aggregate

Use Fine Aggregate

Calculation

220

198.9/0.654
0.65x1666

304.1/(3.15x1000)
198.9/1000
1082.9/(2.76x1000)
1.50%

= 1-0.097-0.1989-0.392-0.015

0.297x2.63x1000

220 ksc.

198.9 kg/cu.m.concrete
0.65
304.1 kg/cu.m.concrete

=1082.9 kg/cu.m.concrete

It

0.097 cu.m.
0.199 cu.m.
0.392 cu.m.
0.015 cu.m.
0.297 cu.m.

781.1 kg/cu.m.concrete

Conclusion Used Material

Material 1cu.m. of concrete 50 kg of cement
(kg) (litres) (kg) (litres)
Cement 304 97 50 16
Water 199 199 33 33
Sand 781 297 128 49
Rock 1083 392 178 65
Total 2367 985 389 162

WA12




A5 W.A.12. LAAINITDOALUUTIUNTUABUNIAT 240 ksc.

Mix Design of Concrete

Slump 10-13 Coarse 17

Ultimate strength of Concrete (fc')

Specific Gravity

Portiand Cement Type 1
Fine Aggregate (Sand)
Coarse Aggregate (Rock)
Water

Unit Weight of Aggregate
Fine Aggregate (Sand)
Coarse Aggregate (Rock)
Mixing Water

Maximum Size of Aggregate
Finess Modulus of Fine Aggregate

Percent of Coarse aggregate by volume
Slump of Concrete

Design Criteria

240

3.15
2.63
2.76
1.00

1736
1666
1000

25
(1"
3.00

ksc

kg/m3
kg/m3
kg/m3

mm.

0.65 cu.m/cu.mconcrete

Design Mix
Use mixing water

Use cement

Volume of cement

Volume of water

Volume of air void

= 10-13 cm.
Calculation
= 240 = 240 ksc.
= 198.9 kg/cu.m.concrete
w/c ratio (by weight) = 0.62
= 198.9/0.62 = 320.8 kg/cu.m.concrete
Use Coarse Aggregate = 0.65x1666 = 1082.9 kg/cu.m.concrete
= 320.8/(3.15x1000) = 0.102 cu.m.
= 198.9/1000 = 0.199 cu.m.
Volume of Coarse Aggregate = 1082.9/(2.76x1000) = 0.392 cu.m.
= 1.50% = 0.015 cu.m.
Volume of Fine Aggregate = 1-0.102-0.1989-0.392-0.015 = 0.292 cu.m.
Use Fine Aggregate = 0.292x2.63x1000 = 768.0 kg/cu.m.concrete

Conclusion Used Material

Material 1cu.m. of concrete 50 kg of cement
(kg) (litres) (kg) (litres)
Cement 321 102 50 16
Water 199 199 31 31
Sand 768 292 120 45
Rock 1083 392 169 61
Total 2371 985 369 154

WR13




A13199 K.A.13. LAAINITOONUUUAIUNAUABUNTAN 260 ksc.

Mix Design of Concrete

Slump 10-13 Coarse 1”7

Ultimate strength of Concrete (fc')

Specific Gravity

Portland Cement Type 1
Fine Aggregate (Sand)
Coarse Aggregate (Rock)
Water

Unit Weight of Aggregate
Fine Aggregate (Sand)
Coarse Aggregate (Rock)
Mixing Water

Maximum Size of Aggregate
Finess Modulus of Fine Aggregate

Percent of Coarse aggregate by volume
Slump of Concrete

Design Criteria

260 ksc

3.15
2.63
2.76
1.00

1736 kg/m3
1666 kg/m3
1000 kg/m3

25 mm.

(1)

3.00

0.65 cu.m/cu.mconcrete
10-13 cm.

Design Mix

Use mixing water

wi/c ratio (by weight)
Use cement

Use Coarse Aggregate

Volume of cement

Volume of water

Volume of Coarse Aggregate
Volume of air void

Volume of Fine Aggregate

Use Fine Aggregate

Calculation

260

198.9/0.59

0.65x1666

337.1/(3.15x1000)
198.9/1000

1082.9/(2.76x1000)

1.50%

= 1-0.107-0.1989-0.392-0.015

0.287x2.63x1000

260 ksc.
198.9 kg/cu.m.concrete
0.59
337.1 kg/cu.m.concrete

=1082.9 kg/cu.m.concrete

It

"

I}

0.107 cu.m.
0.199 cu.m.
0.392 cu.m.
0.015 cu.m.
0.287 cu.m.

754.8 kg/cu.m.concrete

Conclusion Used Material

Material 1cu.m. of concrete 50 kg of cement
(kg) (litres) (kg) (litres)
Cement 337 107 50 16
Water 199 199 30 30
Sand 755 287 112 43
Rock 1083 392 161 i 58
Total 2374 985 352 146

HA14




15199 W.0.14. LAAINIDOAUUUTIUNTUADUNTAN 280 ksc.

Mix Design of Concrete

Slump 10-13 Coarse 17

Ultimate strength of Concrete (fc')

Specific Gravity

Portland Cement Type 1
Fine Aggregate (Sand)
Coarse Aggregate (Rock)
Water

Unit Weight of Aggregate
Fine Aggregate (Sand)
Coarse Aggregate (Rock)
Mixing Water

Maximum Size of Aggregate
Finess Modulus of Fine Aggregate

Percent of Coarse aggregate by volume
Slump of Concrete

Design Criteria

280

3.15
2.63
2.76
1.00

1736
1666
1000

25
(1)
3.00

ksc

kg/m3
kg/m3
kg/m3

mm.

0.65 cu.m/cu.mconcrete

Design Mix
Use mixing water

Use cement

Volume of cement

Volume of water

Volume of air void

= 10-13 cm.
Calculation
= 280 = 280 ksc.
= 198.9 kg/cu.m.concrete
wi/c ratio (by weight) = 0.56
= 198.9/0.56 = 355.2 kg/cu.m.concrete
Use Coarse Aggregate = 0.65x1666 = 1082.9 kg/cu.m.concrete
= 355.2/(3.15x1000) = 0.113 cu.m.
= 198.9/1000 = 0.199 cu.m.
Volume of Coarse Aggregate = 1082.9/(2.76x1000) = 0.392 cu.m.
= 1.50% = 0.015 cu.m.
Volume of Fine Aggregate = 1-0.113-0.1989-0.392-0.015 = 0.281 cu.m.
= 0.281x2.63x1000 = 739.0 kg/cu.m.concrete

Use Fine Aggregate

Conclusion Used Material

Material 1cu.m. of concrete 50 kg of cement
(kg) (litres) (kg) (litres)
Cement 355 113 50 16
Water 199 199 28 28
Sand 739 281 104 40
Rock 1083 392 152 55
Total 2376 985 334 139

WA1S




A1519% K.A.15. LTAINITODALUUEIUHNANADUNTAN 300 ksc. Slump 10-13

Coarse 17
Mix Design of Concrete
Design Criteria

Ultimate strength of Concrete (fc') . = 300 ksc
Specific Gravity
Portland Cement Type 1 = 3.5
Fine Aggregate (Sand) = 2863
Coarse Aggregate (Rock) = 276
Water = 1.00
Unit Weight of Aggregate
Fine Aggregate (Sand) = 1736 kg/m3
Coarse Aggregate (Rock) = 1666 kg/m3
Mixing Water = 1000 kg/m3
Maximum Size of Aggregate = 25 mm.

(1)
Finess Modulus of Fine Aggregate = 3.00

Percent of Coarse aggregate by volume
Slump of Concrete

0.65 cu.m/cu.mconcrete
10-13 cm.

Design Mix

Use mixing water

wi/c ratio (by weight)
Use cement

Use Coarse Aggregate

Volume of cement

Volume of water

Volume of Coarse Aggregate
Volume of air void

Volume of Fine Aggregate

Use Fine Aggregate

Calculation

300

198.9/0.54
0.65x1666

368.3/(3.15x1000)
198.9/1000
1082.9/(2.76x1000)
1.50%

= 1-0.117-0.1989-0.392-0.015

0.277x2.63x1000

300 ksc.
198.9 kg/cu.m.concrete
0.54
368.3 kg/cu.m.concrete

=1082.9 kg/cu.m.concrete

0.117 cu.m.
0.199 cu.m.
0.392 cu.m.
0.015 cu.m.
0.277 cu.m.

728.5 kg/cu.m.concrete

Conclusion Used Material

Material 1cu.m. of concrete 50 kg of cement
(kg) (litres) (kg) (litres)
Cement 368 117 50 16
Water 199 199 27 27
Sand 729 277 99 38
Rock 1083 392 147 53
Total 2379 985 323 134

W16




A1519% 1.9, 16. LAAINITEBNLUVAIUNTYADUNTAT 320 ksc.

Mix Design of Concrete

Slump 10-13 Coarse 17

Ultimate strength of Concrete (fc')

Specific Gravity

Portland Cement Type 1
Fine Aggregate (Sand)
Coarse Aggregate (Rock)
Water

Unit Weight of Aggregate
Fine Aggregate (Sand)
Coarse Aggregate (Rock)
Mixing Water

Maximum Size of Aggregate
Finess Modulus of Fine Aggregate

Percent of Coarse aggregate by volume
Slump of Concrete

Design Criteria

320 ksc

3.15
2.63
2.76
1.00

1736 kg/m3
1666 kg/m3
1000 kg/m3

25 mm.

(1)

3.00

0.65 cu.m/cu.mconcrete
10-13 cm.

Design Mix

Use mixing water

w/c ratio (by weight)
Use cement

Use Coarse Aggregate

Volume of cement

Volume of water

Volume of Coarse Aggregate
Volume of air void

Volume of Fine Aggregate

Use Fine Aggregate

Calcuiation

320

198.9/0.51
0.65x1666

390.0/(3.15x1000)
198.9/1000
1082.9/(2.76x1000)
1.50%

= 1-0.124-0.1989-0.392-0.015

0.270x2.63x1000

320 ksc.
198.9 kg/cu.m.concrete
0.51
390.0 kg/cu.m.concrete

=1082.9 kg/cu.m.concrete

It

0.124 cu.m.
0.199 cu.m.
0.392 cu.m.
0.015 cu.m.
0.270 cu.m.

710.1 kg/cu.m.concrete

Conclusion Used Material

Material 1cu.m. of concrete 50 kg of cement
(kg) (litres) (kg) (litres)
Cement 390 124 50 16
Water 199 199 26 26
Sand 710 270 91 35
Rock 1083 392 139 50
Total 2382 985 305 126

WA17
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maiuinwa Compressive Strength yai 1

Coarse | Cement |Water| Sand | Rock Cross |Height WeightlSIump Date Date Ages|Ultimate | Comp. | Weight | Diameter Diameter | Volume

Spec. | Code Section of of Load |Strength per

Casted Test Volume
no. kg kg kg kg cm? cm kg cm d/mly d/mty days kn ksc kg/cu.m. in cm m3

180 176.804| 30.01| 12.993] 10.50 121/11/2004 [24/11/2004 3| 328.50] 189.40| 2448.794 5.907{ 15.00378| 0.005306
7-10 1" 26.40 |19.44|82.80|108.30| 176.864] 30.00| 13.063] 10.50 |21/11/2004 24/11/2004 3| 226.70] 130.66| 2461.974 5.908| 15.00632 0.005306
176.864| 29.98| 12.980] 10.50 |21/11/2004 [24/11/2004 3] 249.80; 143.97} 2447.963 5.908/ 15.00632] 0.005302
180 176.624] 30.10| 13.015| 10.50 |21/11/2004 (30/11/2004 332.60] 191.96| 2448.092 5.904| 14.99616] 0.005316
7-10 1" 26.40 |19.44 |82.80|108.30| 176.864| 30.00| 13.102| 10.50 |21/11/2004 30/11/2004 399.20] 230.08] 2469.324 5.908| 15.00632] 0.005306
176.804| 30.00| 12.913] 10.50 |21/11/2004 [30/11/2004 390.30] 225.03| 2434.527 5.907| 15.00378; 0.005304
180 176.684| 30.20| 13.127{ 10.50 |21/11/2004 |10/12/2004 19| 386.70] 223.10{ 2460.149 5.905[ 14.99870| 0.005336
7-10 1" 26.40 |19.44|82.80|108.30| 176.744| 30.10| 13.006] 10.50 {21/11/2004 |10/12/2004 19| 439.30] 253.37| 2444.742 5.906| 15.00124] 0.005320
176.744| 30.20| 13.039| 10.50 |21/11/2004 [10/12/2004 19| 397.20| 229.08| 2442.829 5.906| 15.00124] 0.005338
10 | 180 176.804| 30.10| 13.095| 10.50 |21/11/2004 [20/12/2004 29| 389.70] 224.68| 2460.638 5.907| 15.00378] 0.005322
11 { 7-10 1" 26.40 | 19.44|82.80]108.30| 176.864| 30.20] 13.074] 10.50 |21/11/2004 |20/12/2004 29| 408.50] 235.44| 2447.729 5.908| 15.00632] 0.005341
12 176.804| 30.00| 12.988| 10.50 |21/11/2004 [20/12/2004 29| 341.00] 196.60] 2448.667 5.907| 15.00378} 0.005304
180 176.923] 29.99] 12.917{ 14.00 |22/11/2004 |25/11/2004 250.30| 149.40| 2434.445 5.909] 15.00886| 0.005306
10-13] 1" 24.40 |17.90172.90| 97.50 | 176.864| 30.00| 12.581| 14.00 |22/11/2004 {25/11/2004 334.20] 192.62| 2371.131 5.908] 15.00632| 0.005306]
176.983] 30.00| 12.948| 14.00 |22/11/2004 [25/11/2004 285.10] 164.21] 2438.648 5.910| 15.01140] 0.005309
180 176.804| 30.10| 12.996| 14.00 |22/11/2004 |30/11/2004 8] 349.10| 201.27] 2442.035 5.007| 15.00378| 0.005322
10-13| 1" 24.40 |17.90|72.90| 97.50 | 176.684] 29.90| 12.964| 14.00 |22/11/2004 30/11/2004 8| 404.70| 233.49| 2453.978 5.905 14.99870] 0.005283
176.804| 30.00| 13.177| 14.00 |22/11/2004 |30/11/2004 400.40| 230.85 2484.300 5.907| 15.00378| 0.005304




AN

Coarse |Cement| Water | Sand | Rock Cross |Height|Weight|Slump Date Date Ages [Utimate| Comp. | Weight |Diameter| Diameter | Volume

Spec. | Code Section of of Load |Strength per

Casted Test Volume
no. kg kg kg kg cm’ cm kg cm d/mly d/mty days kn ksc kg/cu.m. in cm m3

7 180 176.624| 30.20| 13.047| 14.00 |22/11/2004 |10/12/2004 18] 449.30] 259.31| 2445.985 5.904| 14.99616| 0.005334
10-13] 1" 24.40 | 17.90 [ 72.90] 97.50 | 176.804| 30.10| 13.236| 14.00 |22/11/2004 |10/12/2004 18| 360.80] 208.02| 2487.133 5.907[ 15.00378] 0.005322
9 176.804| 30.10| 13.039| 14.00 [22/11/2004 |10/12/2004 18| 360.80| 208.02| 2450.115 5.907| 15.00378] 0.005322
10 | 180 176.744| 29.90| 13.005| 14.00 [22/11/2004 20/12/2004 28| 400.80] 231.16 2460.906 5.906( 15.00124| 0.005285
11 |10-13 1" 24.40 {17.90|72.90| 97.50 | 176.864| 29.90| 13.065| 14.00 |22/11/2004 |20/12/2004 28| 335.70{ 193.48| 2470.586 5.908] 15.00632] 0.005288
12 176.804| 30.20| 12.995| 14.00 [22/11/2004 |20/12/2004 28| 402.001 231.77| 2433.762 5.907| 15.00378] 0.005339
1 200 176.864| 30.01} 12.803| 9.75 [22/11/2004 |25/11/2004 289.20] 166.68| 2412.168 5.908] 15.00632| 0.005308
2 {710 1" 2520 | 17.40|73.40| 97.50 | 176.923| 29.98| 13.104] 9.75 |22/11/2004 [25/11/2004 24510 141.22| 2470.512 5.909| 15.00886] 0.005304
176.864] 30.00| 13.037| 9.75 |22/11/2004 |25/11/2004 337.30] 194.41] 2457.073 5.908| 15.00632| 0.005306
200 176.744| 29.90| 12.785| 9.75 |22/11/2004 |30/11/2004 470.700 271.48] 2419.276 5.906| 15.00124[ 0.005285
7-10 1" 25.20 | 17.40(73.40| 97.50 | 176.684| 30.00| 12.908| 9.75 [22/11/2004 [30/11/2004 460.60] 265.74| 2435.233 5.905| 14.99870] 0.005301
6 176.864] 29.90| 13.041] 9.75 |22/11/2004 130/11/2004 396.20] 228.35| 2466.047 5.908| 15.00632| 0.005288
200 176.684|  30.20] 13.127| 9.75 |22/11/2004 [10/12/2004 18] 432.20] 249.36| 2460.149 5.905| 14.99870| 0.005336
8 | 710 1" 25.20 | 17.40 | 73.40| 97.50 | 176.624] 30.10[ 13.053) 9.75 [22/11/2004 [10/12/2004 18| 460.90| 266.00| 2455.239 5.904{ 14.99616| 0.005316
9 176.684| 30.10] 13.031| 9.75 [22/11/2004 |10/12/2004 18] 431.90] 249.18| 2450.271 5.905( 14.99870] 0.005318
10 | 200 176.864| 30.20| 12.948| 9.75 |22/11/2004 |20/12/2004 28| 503.30{ 290.08| 2424.139 5.908 15.00632] 0.005341
11 { 7-10 1" 25.20 | 17.40 | 73.40| 97.50 | 176.804] 30.40( 13.013| 9.75 |22/11/2004 |20/12/2004 28] 369.80] 213.21] 2421.099 5.907| 15.00378| 0.005375
12 176.864| 30.30| 13.061| 9.75 [22/11/2004 120/12/2004 28] 471.50] 271.75| 2437.224 5.908| 15.00632| 0.005359
1 200 176.684| 30.01| 13.047| 12.25 [23/11/2004 |26/11/2004 3| 354.10] 204.30] 2460.637 5.905| 14.99870] 0.005302
2 |10-13; 1" 25.90 | 17.90 |71.50| 97.50 | 176.804] 30.00| 13.159] 12.25 |23/11/2004 |26/11/2004 3| 350.10| 201.85| 2480.906 5.907| 15.00378| 0.005304;
176.624| 30.00| 13.014] 12.25 [23/11/2004 26/11/2004 3] 348.00] 200.84| 2456.063 5.904| 14.99616| 0.005299




A0

Coarse |Cement| Water | Sand | Rock Cross | Height|Weight!Slump Date Date Ages |Ultimate| Comp. | Weight |Diameter| Diameter | Volume

Spec. | Code Section of of Load |Strength per

Casted Test Volume
no. kg kg kg kg cm? cm kg cm d/mly d/mly days kn ksc kg/cu.m. in cm m3

4 200 176.684| 30.00| 13.154| 12.25 |23/11/2004 |30/11/2004 7] 412.20] 237.82| 2481.644 5.905} 14.99870} 0.005301
5 [10-13 1" 25.90 | 17.90 | 71.50| 97.50 | 176.744| 29.90| 13.215) 12.25 |23/11/2004 |30/11/2004 7] 441.00f 254.35| 2500.643 5.906| 15.00124| 0.005285
176.684| 30.20| 13.003| 12.25 |23/11/2004 |30/11/2004 7] 434.90] 250.91| 2436.910 5.905( 14.99870[ 0.005336
200 176.804| 30.10] 13.127| 12.25 [23/11/2004 |10/12/2004 17| 438.00] 252.53| 2466.651 5.907] 15.00378| 0.005322
10-13 1" 2590 |17.90!71.50| 97.50 | 176.744] 30.00| 13.317| 12.25 |23/11/2004 |10/12/2004 17| 372.50| 214.84| 2511.545 5.906] 15.00124| 0.005302
176.804| 30.10| 13.184] 12.25 |23/11/2004 |10/12/2004 17| 455.80| 262.79| 2477.362 5.907| 15.00378[ 0.005322
10 | 200 176.864| 30.20| 13.114] 12.25 [23/11/2004 |21/12/2004 28| 541.80] 312.27| 2455.217 5.908| 15.00632] 0.005341
11 11013 1" 2590 | 17.90{71.50| 97.50 | 176.804] 30.20| 13.082] 12.25 |23/11/2004 ;21/12/2004 28] 513.00] 295.77| 2450.056 5.907| 15.00378| 0.005339
12 176.864| 30.10| 13.046| 12.25 [23/11/2004 |21/12/2004 28| 491.80] 283.45( 2450.601 5.908] 15.00632] 0.005324
1 220 176.744) 29.98| 13.138| 9.00 [23/11/2004 |26/11/2004 369.50| 213.11| 2479.439 5.906| 15.00124{ 0.005299
2 7-10 1" 26.60 | 17.40|72.20| 97.50 | 176.684| 29.99| 13.045| 9.00 |23/11/2004 [26/11/2004 342,40 197.55] 2461.901 5.905 14.99870| 0.005299
176.684| 30.00| 13.130| 9.00 [23/11/2004 |26/11/2004 360.50| 207.99| 2477.116 5.905| 14.99870( 0.005301
220 176.624| 30.20| 13.136] 9.00 [23/11/2004 ]30/11/2004 455.50, 262.89| 2462.670 5.904{ 14.99616| 0.005334
5 7-10 1" 26.60 | 17.40 | 72.20| 97.50 | 176.864] 30.00| 13.156] 9.00 |23/11/2004 |30/11/2004 417.60] 240.69| 2479.501 5.908| 15.00632| 0.005306
6 176.744| 28.90| 13.136] 9.00 [23/11/2004 |30/11/2004 442.80| 255.38] 2571.705 5.906| 15.00124| 0.005108
220 176.804| 30.30| 13.230| 9.00 [23/11/2004 |10/12/2004 17| 456.50| 263.20] 2469.596 5.907| 15.00378] 0.005357
7-10 1" 26.60 |17.40]72.20| 97.50 | 176.864| 30.30| 13.156] 9.00 |23/11/2004 |10/12/2004 17| 396.50] 228.53| 2454.952 5.908| 15.00632| 0.005359
176.684| 30.20] 13.196| 9.00 [23/11/2004 {10/12/2004 17| 548.80] 316.63| 2473.080 5.905| 14.99870| 0.005336
10 | 220 176.804| 30.30| 13.099| 9.00 [23/11/2004 |21/12/2004 28| 570.00] 328.64| 2445.143 5.907| 15.00378| 0.005357
11 1 7-10 1" 26.60 | 17.4072.20| 97.50 | 176.864] 30.30{ 13.100| 9.00 [23/11/2004 [21/12/2004 28] 565.80| 326.10] 2444.502 5.908| 15.00632| 0.005359
12 176.864| 30.30| 13.263| 9.00 |23/11/2004 |21/12/2004 28| 470.10] 270.95 2474.918 5.908] 15.00632] 0.005359




b

Coarse |Cement| Water| Sand | Rock Cross |Height|Weight|Slump Date Date Ages |Ultimate| Comp. | Weight |Diameter| Diameter Volume

Spec. | Code Section of of Load |Strength per

Casted Test Volume
no. kg kg kg kg cm? cm kg cm d/mly d/mly days kn ksc kg/cu.m. in cm m3

1 220 176.744] 30.01] 12.989| 13.50 |23/11/2004 |26/11/2004 3| 363.60] 209.71| 2448.869 5.906| 15.00124] 0.005304
2 [10-13] 1" 27.40 | 17.90|70.30| 97.50 | 176.744] 29.98| 12.991{ 13.50 [23/11/2004 |26/11/2004 3| 260.60] 150.30| 2451.697 5.906| 15.00124] 0.005299
176.684| 30.00| 13.104{ 13.50 {23/11/2004 |26/11/2004 208.00] 120.00] 2472.211 5.905| 14.99870| 0.005301
220 176.684| 30.00| 13.020] 13.50 |23/11/2004 |30/11/2004 423.00] 244.05| 2456.363 5.905| 14.99870/ 0.005301
10-13§ 1" 27.40 | 17.90|70.30| 97.50 | 176.804| 30.00} 13.065| 13.50 [23/11/2004 |30/11/2004 469.60| 270.75| 2463.184 5.907| 15.00378] 0.005304
176.744| 30.00| 13.005! 13.50 [23/11/2004 |30/11/2004 7| 454.90| 262.36] 2452.703 5.906| 15.00124( 0.005302
220 176.744| 30.40| 13.153] 13.50 [23/11/2004 |10/12/2004 17| 480.40| 277.07| 2447.975 5.906 15.00124| 0.005373
10-13( 1" 27.40 | 17.90 | 70.30| 97.50 | 176.684 30.10] 13.136] 13.50 |23/11/2004 |10/12/2004 17) 237.30] 136.91| 2470.015 5.905| 14.99870] 0.005318]
176.624| 30.20| 13.111} 13.50 [23/11/2004 |10/12/2004 17| 419.80| 242.28| 2457.983 5.904] 14.99616| 0.005334
10 | 220 176.804| 30.30] 13.140] 13.50 [23/11/2004 {22/12/2004 29| 474.90] 273.81| 2452.796 5.907| 15.00378| 0.005357|
11 1013 1" 27.40 | 17.90|70.30] 97.50 | 176.864] 30.00| 13.069| 13.50 [23/11/2004 |22/12/2004 29| 484.10] 279.02| 2463.104 5.908| 15.00632| 0.005306
12 176.864| 30.20] 13.122| 13.50 [23/11/2004 122/12/2004 29| 474.00] 273.19| 2456.715 5.908| 15.00632 0.005341
1 240 176.624| 30.01| 13.055| 9.50 [24/11/2004 |27/11/2004 3] 353.90] 204.25| 2462.980 5.904{ 14.99616/ 0.005300
7-10 1" 28.10 | 17.40|71.00| 97.50 | 176.684| 29.98| 13.000] 9.50 [24/11/2004 27/11/2004 3| 373.30] 215.37| 2454.226 5.905 14.99870] 0.005297
176.684| 20.98] 12.888| 9.50 [24/11/2004 |27/11/2004 3| 370.80| 213.93| 2433.082 5.905| 14.99870! 0.005297
240 176.624| 20.99| 12.928] 9.50 [24/11/2004 | 4/12/2004 10| 455.80| 263.06| 2440.646 5.904| 14.99616] 0.005297
7-10 1" 28.10 | 17.40|71.00| 97.50 | 176.744] 30.01| 13.039| 9.50 |24/11/2004 | 4/12/2004 10| 448.10] 258.44| 2458.296 5.906} 15.00124} 0.005304
176.624| 30.00| 13.137] 9.50 [24/11/2004 | 4/12/2004 10| 446.60| 257.75| 2479.276 5.904| 14.99616| 0.005299
240 176.744] 30.20| 13.210| 9.50 {24/11/2004 |10/12/2004 16| 410.30] 236.64| 2474.866 5.906| 15.00124{ 0.005338
7-10 1™ 28.10 | 17.40|71.00] 97.50 | 176.864| 30.10] 13.187| 9.50 [24/11/2004 10/12/2004 16| 412.90] 237.98| 2477.087 5.908| 15.00632| 0.005324
176.804| 30.40| 13.334{ 9.50 {24/11/2004 |10/12/2004 16| 390.00] 224.86| 2480.822 5.907] 15.00378| 0.005375




9bM

Coarse |Cement| Water | Sand | Rock Cross |Height|Weight|Slump Date Date Ages |Ultimate| Comp. | Weight |Diameter| Diameter Volume

Spec. | Code Section of | of Load {Strength per

Casted Test Volume
no. kg kg kg kg cm? cm kg cm d/mly d/mly days kn ksc kg/cu.m. in cm m3

10 | 240 176.804| 29.90] 13.021{ 9.50 [24/11/2004 |22/12/2004 28] 531.20| 306.27| 2463.099 5.907| 15.00378| 0.005286
11 | 7-10 1" 2810 | 17.40 | 71.00| 97.50 | 176.923] 30.20| 13.282] 9.50 (24/11/2004 |22/12/2004 28| 532.60| 306.86| 2485.829 5.909| 15.00886| 0.005343
12 176.983| 29.90| 13.060| 9.50 [24/11/2004 |22/12/2004 28] 524.80] 302.27; 2467.969 5.910f 15.01140] 0.005292
1 240 176.624| 30.01| 12.914{ 12.75 [24/11/2004 |27/11/2004 397.50] 229.41| 2436.379 5.904| 14.99616| 0.005300
10-13] 1" 28.90 |17.90 |69.10| 97.50 | 176.684| 30.00| 12.948! 12.75 [24/11/2004 [27/11/2004 422.30] 243.64| 2442.780 5.905{ 14.99870[ 0.005301
176.684] 29.99] 12.942[ 12.75 [24/11/2004 |27/11/2004 398.70{ 230.03] 2442.462 5.905| 14.99870] 0.005299
4 240 176.624{ 30.00| 12.954| 12.75 |24/11/2004 | 4/12/2004 10| 455.20{ 262.71| 2444.740 5.904{ 14.99616| 0.005299
5 |10-13| 1" 28.90 | 17.90 |69.101 97.50 | 176.684] 30.01| 13.118| 12.75 |24/11/2004 | 4/12/2004 10| 473.50| 273.18| 2474.027 5.905| 14.99870] 0.005302
6 176.684| 30.00| 13.062| 12.75 [24/11/2004 | 4/12/2004 10; 445.40| 256.97| 2464.287 5.905| 14.99870| 0.005301
240 176.684| 29.80| 12.960( 12.75 [24/11/2004 |{10/12/2004 16| 407.20] 234.93| 2461.453 5.905| 14.99870| 0.005265
10-13{ 1" 28.90 | 17.90 |69.10| 97.50 | 176.804] 30.20| 13.050| 12.75 {24/11/2004 [10/12/2004 16] 499.00{ 287.70| 2444.063 5.907| 15.00378] 0.005339
176.804| 30.30 13.014| 12.75 [24/11/2004 |10/12/2004 16| 545.70] 314.63| 2429.276 5.907| 15.00378| 0.005357
10 | 240 176.864| 30.10| 13.181| 12.75 [24/11/2004 |22/12/2004 28| 464.40] 267.66| 2475.960 5.908| 15.00632| 0.005324
11 (1013 1" 28.90 | 17.90 |69.10| 97.50 | 176.804] 29.90| 12.901| 12,75 |24/11/2004 |22/12/2004 28| 602.60[ 347.43| 2440.400 5.907( 15.00378] 0.005286
12 176.923| 30.00| 13.011| 12.75 [24/11/2004 |22/12/2004 28| 598.30] 344.72| 2451.343 5.909| 15.00886| 0.005308
1 260 176.624| 30.00| 12.995| 10.00 |26/11/2004 |30/11/2004 485.40| 280.14| 2452.477 5.904| 14.99616[ 0.005299
2 7-10 1" 29.50 | 17.40 | 69.80| 97.50 | 176.684| 29.90{ 12.987| 10.00 |26/11/2004 |30/11/2004 419.60] 242.09| 2458.332 5.905| 14.99870] 0.005283
176.684] 30.00] 13.143| 10.00 [26/11/2004 [30/11/2004 430.80| 248.55| 2479.569 5.905 14.99870] 0.005301
4 260 176.624| 30.00| 13.180! 10.00 [26/11/2004 | 4/12/2004 473.80| 273.45| 2487.391 5.904| 14.99616| 0.005299
7-10 1" 29.50 |17.40 |69.80| 97.50 | 176.684] 29.98| 13.048| 10.00 [26/11/2004 | 4/12/2004 507.90] 293.03| 2463.288 5.905] 14.99870] 0.005297
176.684| 30.01] 12.907| 10.00 [26/11/2004 | 4/12/2004 492.80| 284.32| 2434.233 5.905] 14.99870[ 0.005302




LbM

Coarse |Cement| Water | Sand | Rock Cross |Height|Weight|Slump Date Date Ages |Ultimate| Comp. | Weight |Diameter| Diameter | Volume

Spec. | Code Section of of Load |Strength per

Casted Test Volume
no. kg kg kg kg cm’ cm kg cm d/mly d/mly days kn ksc kg/cu.m. in cm m3

260 _ 176.684| 20.98| 13.055| 10.00 [26/11/2004 [14/12/2004 18| 560.00, 323.09| 2464.610 5.905) 14.99870| 0.005297
7-10 1" 29.50 | 17.40 |69.80| 97.50 | 176.624| 29.98| 13.006| 10.00 [26/11/2004 |14/12/2004 18| 650.60] 375.49) 2456.191 5.904| 14.99616 0.0052‘95
176.684| 30.00] 13.157| 10.00 [26/11/2004 |14/12/2004 18| 407.80] 235.28| 2482.210 5.905| 14.99870] 0.005301
10 | 260 176.864| 30.00| 13.160]| 10.00 [26/11/2004 |27/12/2004 31| 567.30] 326.97| 2480.255 5.908 15.00632 0.005306
11 | 7-10 1" 2950 | 17.40(69.80| 97.50 | 176.804| 29.90| 13.054] 10.00 |26/11/2004 |27/12/2004 31] 662.00] 381.68| 2469.342 5.907| 15.00378| 0.005286
12 176.864| 29.90| 13.070| 10.00 [26/11/2004 |27/12/2004 31| 680.50] 392.21| 2471.531 5.908| 15.00632] 0.005288
260 176.804] 29.90| 13.012| 14.00 {26/11/2004 |30/11/2004 4| 434,90 250.74| 2461.397 5.907| 15.00378] 0.005286
10-13 1" 30.30 | 17.90 | 68.00| 97.50 | 176.744] 29.90 13.003]| 14.00 |26/11/2004 |30/11/2004 4] 441,90 254.87| 2460.527 5.906| 15.00124] 0.005285
176.684| 30.00| 13.087| 14.00 |26/11/2004 130/11/2004 442.30] 255.18| 2469.004 5.905] 14.99870] 0.005301
260 176.744, 29.99| 13.031] 14.00 |[26/11/2004 | 4/12/2004 8] 417.50| 240.79| 2458.426 5.906] 15.00124] 0.005301
10-13 1" 30.30 | 17.90 | 68.00| 97.50 | 176.684| 29.98| 12.990| 14.00 |26/11/2004 | 4/12/2004 8| 393.60| 227.09] 2452.338 5.905| 14.99870] 0.005297
176.684] 30.00| 12.989| 14.00 |26/11/2004 | 4/12/2004 401.20] 231.47| 2450.515 5.905| 14.99870] 0.005301
260 176.744] 29.99| 13.049| 14.00 {26/11/2004 |14/12/2004 18| 496.90| 286.59| 2461.822 5.906| 15.00124| 0.005301
10-13 1" 30.30 | 17.90 [ 68.00| 97.50 | 176.744| 30.00| 13.029| 14.00 [26/11/2004 {14/12/2004 18] 485.50| 280.01| 2457.229 5.906{ 15.00124[ 0.005302
176.684| 29.98| 13.016| 14.00 [26/11/2004 |14/12/2004 18| 478.00| 275.78| 2457.247 5.905 14.99870] 0.005297
10 | 260 176.923( 29.70| 13.029| 14.00 [26/11/2004 |27/12/2004 31] 570.30] 328.59( 2479.530 5.909] 15.00886| 0.005255
11 {10-13 1" 30.30 | 17.90 | 68.00| 97.50 | 176.864| 29.80] 13.928| 14.00 |26/11/2004 27/12/2004 31| 586.60[ 338.09( 2642.617 5.908| 15.00632| 0.005271
12 176.804| 29.90| 13.070| 14.00 [26/11/2004 |27/12/2004 31] 551.50] 317.97| 2472.368 5.907| .15.00378] 0.005286
280 176.624| 30.01| 12.966] 9.50 1/12/2004| 4/12/2004 3| 376.40] 217.24| 2446.189 5.904| 14.99616| 0.005300
2 7-10 1" 31.10 | 17.40|68.40| 97.50 | 176.624| 30.00| 13.194] 9.50 1/12/2004| 4/12/2004 3 427.20| 246.55| 2490.034 5.904] 14.99616| 0.005299
176.684| 30.00} 13.153| 9.50 1/12/2004| 4/12/2004 31 399.50] 230.49| 2481.455 5.905 14.99870] 0.005301




0M

Coarse |Cement| Water | Sand | Rock Cross |Height|Weight{Slump Date Date Ages |Ultimate| Comp. | Weight |Diameter| Diameter | Volume

Spec. | Code Section of of Load |Strength per

Casted Test Volume
no. kg kg kg kg cm? cm kg cm d/m/y d/mly days kn ksc kg/cu.m. in cm m3

280 176.804| 29.90] 13.125| 9.50 1/12/2004{10/12/2004 9| 416.90| 240.37| 2482.772 5.907| 15.00378| 0.005286
7-10 1" 31.10 {17.40 |68.40 | 97.50 | 176.744| 30.00| 13.024| 9.50 1/12/2004]|10/12/2004 9| 576.60] 332.55| 2456.286 5.906| 15.00124| 0.005302
176.744| 30.10] 13.180| 9.50 1/12/2004(10/12/2004 9| 450.20] 259.65| 2477.449 5.906| 15.00124] 0.005320
280 176.684| 30.00] 13.083] 9.50 1/12/2004[16/12/2004 15| 577.60] 333.24| 2468.249 5.905| 14.99870 0.00‘5301
7-10 | 1" 31.10 {17.40]68.40 | 97.50 | 176.744| 29.90| 13.032| 9.50 1/12/2004/16/12/2004 15| 581.00] 335.09| 2466.015 5.906] 15.00124[ 0.005285
9 176.684| 29.90{ 13.025 9.50 1/12/2004[16/12/2004 15 512.90| 295.91| 2465.525 5.905 14.99870| 0.005283
10 | 280 175.847| 30.20] 13.192] 9.50 1/12/2004(29/12/2004 28| 475.10] 275.41] 2484.096 5.891| 14.96314] 0.005311
11 7-10 1" 31.10 | 17.40[68.40| 97.50 | 176.564] 30.20| 13.164] 9.50 1/12/2004|29/12/2004 28| 626.20] 361.53| 2468.755 5.903| 14.99362| 0.005332
12 175.489{ 30.30| 13.208| 9.50 1/12/2004|29/12/2004 28] 530.30] 308.04j 2483.958 5.885( 14.94790] 0.005317
1 280 176.684] 29.98| 13.115) 11.50 |30/11/2004 | 4/12/2004 4] 501.40{ 289.28| 2475.937 5.905| 14.99870 0..005297
2 |10-13] 1" 32.00 {17.90|66.50] 97.50 | 176.624| 30.01| 13.124| 11.50 |30/11/2004 | 4/12/2004 4/ 469.40] 270.91| 2475.998 5.904] 14.99616| 0.005300
176.744| 30.01| 12.980| 11.50 {30/11/2004 | 4/12/2004 525.60{ 303.14] 2447.172 5.906| 15.00124] 0.005304
280 176.684, 30.10| 13.220! 11.50 {30/11/2004 |10/12/2004 10| 557.00] 321.36| 2485.809 5.905] 14.99870] 0.005318
10-13( 1" 32.00 | 17.90{66.50 | 97.50 | 176.624] 30.20| 13.078| 11.50 {30/11/2004 |10/12/2004 10{ 603.60] 348.36| 2451.796 5.904! 14.99616| 0.005334
176.684| 30.10| 13.083| 11.50 [30/11/2004 [10/12/2004 10| 583.70] 336.76| 2460.049 5.905| 14.99870| 0.005318
280 176.744| 30.00| 13.008| 11.50 [30/11/2004 |14/12/2004 14| 582.60] 336.01| 2453.268 5.906| 15.00124| 0.005302
10-13 1" 32.00 | 17.90 | 66.50 | 97.50 | 176.684| 30.01| 13.220| 11.50 |30/11/2004 |14/12/2004 14| 569.10| 328.34| 2493.264 5.905 14.99870| 0.005302
176.684| 30.00| 13.136| 11.50 [30/11/2004 |14/12/2004 14| 577.00] 332.90| 2478.248 5.905| 14.99870] 0.005301
10 280 176.864| 30.00| 13.186| 11.50 [30/11/2004 |27/12/2004 27| 559.00] 322.18| 2485.155 5.908] 15.00632| 0.005306
11 {1013} 1" 32.00 | 17.90 | 66.50 | 97.50 | 176.804| 30.10{ 13.232] 11.50 [30/11/2004 [27/12/2004 27| 556.20[ 320.68| 2486.381 5.907| 15.00378] 0.005322
12 176.864{ 30.10| 13.187| 11.50 [30/11/2004 [27/12/2004 271 574.30] 331.00] 2477.087 5.908] 15.00632| 0.005324




60N

Coarse |Cement| Water | Sand | Rock Cross |Height|Weight|Slump Date Date Ages |Ultimate| Comp. | Weight |Diameter| Diameter | Volume

Spec. | Code Section of of Load |Strength per

Casted Test Volume
no. kg kg kg kg cm? cm kg cm d/mly d/mly days kn ksc kg/cu.m. in cm m3

1 300 176.684| 30.01] 13.028| 9.50 1/12/2004| 4/12/2004 363.50| 209.72| 2457.054 5.905| 14.99870] 0.005302
2 7-10 1" 32.20 | 17.40|67.50| 97.50 | 176.804| 29.98 13.128 9.50 1/12/2004| 4/12/2004 392.60| 226.35( 2476.713 5.907| 15.00378[ 0.005301
176.744| 29.99| 13.049 9.50 1/12/2004| 4/12/2004 451.90] 260.63| 2461.822 5.906| 15.00124] 0.005301
300 176.744| 30.20| 13.058] 8.50 1/12/2004{10/12/2004 553.00] 318.94| 2446.389 5.906| 15.00124| 0.005338
7-10 1" 32.20 |17.40|67.50| 97.50 | 176.804| 30.20| 13.145) 9.50 1/12/2004{10/12/2004 522.20| 301.08| 2461.855 5.907| 15.00378| 0.005339
176.804{ 30.10| 13.101 9.50 1/12/2004{10/12/2004 516.50| 297.79| 2461.766 5.907| 15.00378| 0.005322
300 176.684] 30.00] 13.186| 9.50 1/12/2004(16/12/2004 15] 646.40{ 372.94| 2487.681 5.905| 14.99870[ 0.005301
7-10 4 32.20 | 17.40|67.50] 97.50 | 176.804| 29.90| 13.200] 9.50 1/12/2004{16/12/2004 15| 609.50{ 351.41| 2496.959 5.907} 15.00378| 0,005286
176.804] 29.90| 13.077| 9.50 1/12/2004]16/12/2004 15| 548.50 316.24] 2473.692 5.907] 15.00378] 0.005286
10 | 300 176.086| 30.30] 13.215] 9.50 1/12/2004|29/12/2004 28| 581.70] 336.75| 2476.849 5.895| 14.97330| 0.005335
11 | 7-10 1" 32.20 | 17.40|67.50] 97.50 | 175.907| 30.20| 13.036] 9.50 1/12/2004{29/12/2004 28| 646.70] 374.76| 2453.887 5.802| 14.96568| 0.005312
12 176.086| 29.90| 13.020] 9.50 1/12/2004|29/12/2004 28| 587.70f 340.22| 2472.947 5.895| 14.97330| 0.005265
1 300 176.684| 30.00| 12.995| 10.75 | 1/12/2004| 4/12/2004 378.50] 218.37| 2451.647 5.905 14.99870| 0.005301
2 1013} 1" 33.10 | 17.90|65.00| 97.50 | 176.684] 30.01[ 13.119(10.75| 1/12/2004| 4/12/2004 385.60| 222.47| 2474.216 5.905 14.99870] 0.005302
176.624| 30.00| 13.078/ 10.75] 1/12/2004| 4/12/2004 362.30| 209.10| 2468.142 5.904{ 14.99616] 0.005299
300 176.624| 30.30| 13.074] 10.75| 1/12/2004]|10/12/2004 O 589.90| 340.45 2442.957 5.904{ 14.99616| 0.005352
10-13 1" 33.10 | 17.90165.00| 97.50 | 176.744| 30.20] 13.085) 10.75 | 1/12/2004]10/12/2004 9| 482.00f 277.99) 2451.447 5.906 15.00124[ 0.005338
176.804| 30.10| 13.006| 10.75 | 1/12/2004/10/12/2004 9| 635.90| 366.63| 2443.914 5.907| 15.00378] 0.005322
300 176.744]| 30.00| 13.050{ 10.75 | 1/12/2004/16/12/2004 15 6‘67.40 384.92| 2461.190 5.906{ 15.00124[ 0.005302
10-13| 1" 33.10 | 17.90 | 65.00| 97.50 | 176.804] 29.90| 13.061| 10.75 | 1/12/2004|16/12/2004 15 627.00] 361.50| 2470.666 5.907| 15.00378| 0.005286
176.804] 30.00| 13.249] 10.75| 1/12/2004{16/12/2004 15| 320.30] 189.86| 2497.874 5.907| 15.00378| 0.005304




OlbM

Coarse | Cement| Water | Sand | Rock Cross |Height|Weight|Slump Date Date Ages |Ultimate| Comp. | Weight |Diameter| Diameter | Volume

Spec. | Code Section of of Load [Strength per

Casted Test Volume
no. kg kg kg kg cm? cm kg cm d/m/ly d/mly days kn ksc kg/cu.m. in cm m3

10 | 300 178.123] 30.00| 13.201} 10.75 | 1/12/2004|29/12/2004 28] 500.10] 286.20| 2470.389 5.929| 15.05966| 0.005344
11 _]10-13 1" 33.10 | 17.90 | 65.00| 97.50 | 177.703] 30.10| 13.187) 10.75 [ 1/12/2004|29/12/2004 28] 517.40] 296.80| 2465.389 5.922| 15.04188| 0.005349
12 176.684| 30.00| 13.208] 10.75 | 1/12/2004|29/12/2004 28| 639.50{ 368.96| 2491.832 5.905| 14.99870[ 0.005301
320 176.684| 30.00| 12.895| 7.50 3/12/2004/10/12/2004 488.20] 281.66] 2432.781 5.905| 14.99870] 0.005301
7-10 1" 34.10 |17.40 [66.10| 97.50 | 176.804| 30.00{ 12.896| 7.50 3/12/2004/10/12/2004 492.10| 283.72| 2431.322 5.907| 15.00378| 0.005304|
176.744| 29.90] 12.971| 7.50 3/12/2004|10/12/2004 435.70] 251.29| 2454.472 5.906| 15.00124| 0.005285
4 320 176.684| 30.01] 12.238] 7.50 | 3/12/2004|14/12/2004 11] 443.90] 256.11| 2308.061 5,905 14.99870| 0.005302
5 7-10 1" 34.10 | 17.40|66.10| 97.50 | 176.684| 29.98| 13.084| 7.50 3/12/2004|14/12/2004 11| 556.00{ 320.78| 2470.084 5.905( 14.99870] 0.005297
6 176.744| 30.00{ 13.091| 7.50 | 3/12/2004/14/12/2004 11| 365.90 211.03| 2468.922 5.906| 15.00124] 0.005302
320 176.804| 30.00| 13.169] 7.50 | 3/12/2004/17/12/2004 14| 538.60] 310.53| 2482.792 5.907| 15.00378| 0.005304
7-10 1" 34.10 {17.40 | 66.10| 97.50 | 176.864] 29.90| 13.034| 7.50 3/12/2004|17/12/2004 14| 584.80] 337.05| 2464.724 5.908] 15.00632| 0.005288
176.804| 30.00| 13.185] 7.50 | 3/12/2004|17/12/2004 14{ 550.00] 317.10[ 2485.808 5.907| 15.00378| 0.005304
10 | 320 176.864| 30.10| 13.158| 7.50 | 3/12/2004131/12/2004 28| 545.10] 314.17} 2471.639 5.908] 15.00632] 0.005324
11 | 7-10 1" 34.10 | 17.40|66.10| 97.50 | 176.804| 30.00| 13.106| 7.50 3/12/2004{31/12/2004 28| 520.70[ 300.21| 2470.914 5.907| 15.00378| 0.005304
12 176.864| 30.00| 13.333| 7.50 | 3/12/2004{31/12/2004 28] 317.20] 182.82| 2512.860 5.908| 15.00632| 0.005306
320 176.744| 29.90| 12.878| 11.00 | 3/12/2004]10/12/2004 467.20| 269.46| 2436.874 5.906 15.00124[ 0.005285
10-13; 1" 35.10 | 17.9063.90| 97.50 | 176.804] 30.00{ 12.867] 11.00 | 3/12/2004{10/12/2004 471.30] 271.73| 2425.855 5.907| 15.00378| 0.005304
176.684| 30.00| 13.017] 11.00 | 3/12/2004{10/12/2004 420.10| 242.37| 2455.797 5.905| 14.99870] 0.005301
320 176.624| 30.02| 13.203! 11.00 | 3/12/2004|14/12/2004 11| 428.60] 247.36| 2490.072 5.904| 14.99616| 0.005302
10-13] 1" 35.10 | 17.90 | 63.90| 97.50 | 176.684| 30.00| 13.162] 11.00 | 3/12/2004|14/12/2004 11| 451.20{ 260.32| 2483.153 5.905 14.99870] 0.005301
176.624| 29.99] 12.947] 11.00 | 3/12/2004{14/12/2004 11| 500.60] 288.92| 2444.233 5.904| 14.99616] 0.005297




T16M

Coarse |Cement| Water | Sand | Rock Cross |Height|{Weight|Slump Date Date Ages |Ultimate| Comp. | Weight |Diameter| Diameter Volume
Spec. | Code Section of of Load |Strength per
Casted Test Volume
no. kg kg kg kg cm? cm kg cm d/mly d/mly days kn ksc kg/cu.m. in cm m3
320 176.804| 30.10] 13.159] 11.00 | 3/12/2004/|17/12/2004 14] 472.40] 272.36| 2472.664 5.907| 15.00378| 0.005322
10-13[ 1" 3510 | 17.90 | 63.90 | 97.50 | 176.864] 30.00| 13.059 11.00 | 3/12/2004|17/12/2004 14| 488.50| 281.55| 2461.220 5.908] 15.00632] 0.005306
176.864] 30.00| 13.062] 11.00 | 3/12/2004/17/12/2004 14{ 517.50| 298.27| 2461.785 5.908] 15.00632] 0.005306]
10 | 320 176.804{ 30.00| 13.245| 11.00 | 3/12/2004|31/12/2004 28| 661.80] 381.56| 2497.120 5.907| 15.00378| 0.005304
11 [10-13[ 1" 3510 | 17.90 |63.90 | 97.50 | 176.804| 30.10] 13.298| 11.00 | 3/12/2004;31/12/2004 28| 564.40| 325.41] 2498.783 5.907| 15.00378| 0.005322
12 176.864| 30.10 13.196] 11.00 | 3/12/2004|31/12/2004 28| 630.80| 363.57| 2478.777 5.908] 15.00632) 0.005324




[41%Y

asatiuiinna Compressive Strength gafi 2

Coarse | Cement | Water | Sand | Rock Cross |Height|Weight | Slump Date Date Ages | Ultimate | Comp Weight | Diameter | Diameter | Volume

Spec. | Code Section of of Load | Strength per

Casted Test Volume

no. kg kg kg kg cm? cm kg cm d/mly d/mly days kn ksc kg/cu.m. in cm m3

1 176.684| 30.00| 12.732| 5.50 121/12/2004 |27/12/2004 6| 261.20 150.70] 2402.029 5.905 14.99870| 0.005301
it | 1" 21.00| 16.20| 79.30| 98.40| 176.804] 30.10| 12.725/ 5.50 }21/12/2004 |27/12/2004 6| 293.10 168.99| 2391.113 5.907| 15.00378| 0.005322
176.923] 29.90| 12.825| 5.50 [21/12/2004 |27/12/2004 6] 284.60] 163.98| 2424.381 5.909| 15.00886| 0.005290
4 176.864| 30.00| 12.973| 5.50 [21/12/2004 [28/12/2004 264.30] 152.33| 2445.011 5.908| 15.00632] 0.005306
it | 1" 21.00] 16.20| 79.30| 98.40f 176.744| 30.10| 12.801| 5.50 |21/12/2004 |28/12/2004 291.90{ 168.35] 2406.208 5.906{ 15.00124| 0.005320
178.785| 30.10| 13.170| 5.50 |21/12/2004 |28/12/2004 280.50] 159.93| 2447.311 5.940 15.08760] 0.005381
176.624| 30.00| 12.801| 5.50 |21/12/2004 |6/01/2005 16| 347.00[ 200.27| 2415.865 5.904{ 14.99616| 0.005299
it | 1" 21.00| 16.20| 79.30| 98.40| 176.684| 30.00| 12.761] 5.50 |21/12/2004 |6/01/2005 16{ 328.60| 189.58] 2407.500 5.905| 14.99870] 0.005301
176.804] 29.95| 12.866/ 5.50 |21/12/2004 |6/01/2005 16| 321.50] 185.36] 2429.716 5.907| 15.00378] 0.005295
10 176.804| 30.20{ 12.849| 5.50 |21/12/2004 |18/01/2005 28| 394.30] 227.34| 2406.418 5.907| 15.00378 0.005339
11 it 1" 21.00| 16.20| 79.30{ 98.40| 176.864| 30.00] 12.860| 5.50 |21/12/2004 |18/01/2005 28| 379.00] 218.44| 2423.714 5.908] 15.00632] 0.005306
12 176.864| 30.10| 12.922| 5.50 [21/12/2004 [18/01/2005 28] 357.10] 205.82| 2427.308 5.908| 15.00632| 0.005324
176.804] 29.90] 12.945| 13.00 |21/12/2004 |27/12/2004 481.40| 277.55| 2448.723 5.907| 15.00378| 0.005286
2 |yi2 1" 31.20| 17.60] 71.50| 93.90| 176.864] 30.00| 13.000| 13.00 |[21/12/2004 |27/12/2004 405.60, 233.77| 2450.100 5.908| 15.00632; 0.005308
176.983| 30.10| 13.017[ 13.00 |21/12/2004 [27/12/2004 400.00] 230.39| 2443.499 5.910| 15.01140; 0.005327
176.564] 30.10| 12.927| 13.00 |21/12/2004 |28/12/2004 498.40] 287.74| 2432.363 5.903] 14.99362] 0.005315
it 2 4. 31.20| 17.60| 71.50| 93.90| 176.864] 29.90| 12.935| 13.00 {21/12/2004 |28/12/2004 343.30 197.86[ 2446.003 5.908| 15.00632| 0.005288
176.744| 30.20| 12.987] 13.00 |21/12/2004 |28/12/2004 484.10] 279.20] 2433.087 5.906] 15.00124/ 0.005338




[ ANy

Coarse |Cement| Water| Sand | Rock Cross |Height | Weight | Slump Date Date Ages |Ultimate| Comp | Weight |Diameter|Diameter | Volume

Spec.| Code Section of of Load |Strength per

Casted Test Volume
no. kg kg kg kg cm? cm kg cm d/mly d/mly days kn ksc kg/cu.m. in cm m3

176.804] 30.00] 12.948| 13.00 [21/12/2004 |6/01/2005 16| 419.00[ 241.58| 2441.126 5.907| 15.00378| 0.005304
it 2 1" 31.20 17.60| 71.50] 93.90| 176.624| 30.00| 13.012| 13.00 |21/12/2004 |6/01/2005 16| 554.00] 319.74| 2455.686 5.904| 14.99616| 0.005299
176.744| 30.00| 13.014] 13.00 [21/12/2004 |6/01/2005 16| 401.20] 231.39] 2454.400 5.906| 15.00124] 0.005302
10 176.804| 30.10| 12.971} 13.00 [21/12/2004 |18/01/2005 28| 550.40] 317.34] 2437.338 5.907| 15.00378| 0.005322
11 iz 1" 31.20| 17.60| 71.50| 93.90| 176.923| 30.00| 13.003} 13.00 |21/12/2004 |18/01/2005 28| 571.90] 329.51]| 2449.836 5.909| 15.00886| 0.005308
12 176.804| 30.10{ 12.939[ 13.00 [21/12/2004 |18/01/2005 28] 568.40] 327.71] 2431.325 5.907| 15.00378| 0.005322
1 176.864| 29.80| 12.896{ 3.00 [22/12/2004 {27/12/2004 303.10] 174.69| 2446.811 5.908] 15.00632| 0.005271
2 |wi3 1" 25.50| 16.90| 76.00] 95.50| 176.804] 30.20| 12.940| 3.00 |22/12/2004 |27/12/2004 330.70| 190.67] 2423.461 5.907; 15.00378| 0.005339
3 176.804| 30.10| 13.107} 3.00 [22/12/2004 |27/12/2004 338.10] 194.93| 2462.893 5.907| 15.00378| 0.005322
176.804| 30.30 12.891| 3.00 [22/12/2004 |29/12/2004 395.30] 227.91] 2406.316 5.907| 15.00378| 0.005357
i 3 1" 2550 16.90| 76.00| 95.50| 177.343| 30.10| 13.027| 3.00 [22/12/2004 |29/12/2004 320.10] 183.99] 2440.418 5.916| 15.02664| 0.005338
176.804] 30.10] 12.858| 3.00 [22/12/2004 |29/12/2004 360.50] 207.85) 2416.104 5.907| 15.00378| 0.005322
176.684| 29.94| 12.917| 3.00 |22/12/2004 |6/01/2005 15| 430.80] 248.55| 2441.815 5.905| 14.99870| 0.005290
w3 1" 25.50| 16.90| 76.00] 95.50 176.684| 29.97| 12.983| 3.00 |22/12/2004 |6/01/2005 15| 466.50, 269.14| 2451.835 5.905| 14.99870| 0.005295
176.804| 30.00| 12.960| 3.00 |22/12/2004 |6/01/2005 15 398.00| 229.47| 2443.388 5.907| 15.00378| 0.005304
10 176.864| 30.40| 12.756| 3.00 |22/12/2004 |19/01/2005 28] 539.60{ 311.00[ 2372.480 5.908| 15.00632| 0.005377
11 w3 1" 25.50 16.90| 76.00| 95.50| 176.804] 30.30] 12.839) 3.00 [22/12/2004 |19/01/2005 28 529.90{ 305.52] 2396.610 5.907{ 15.00378] 0.005357
12 176.864| 30.40| 12.828] 3.00 [22/12/2004 |19/01/2005 28| 522.40 301.09| 2385.872 5.908| 15.00632| 0.005377
176.804, 30.10] 13.064| 6.50 [22/12/2004 |27/12/2004 5| 299.30] 172.56| 2454.813 5.907| 15.00378| 0.005322
it 4 1" 27.20| 16.10| 77.40| 94.40| 176.804| 30.00| 12.919| 6.50 |22/12/2004 |27/12/2004 5| 343.30| 197.93| 2435.658 5.907] 15.00378] 0.005304
176.864| 30.00| 12.972| 6.50 |22/12/2004 |27/12/2004 5 340.70] 196.37| 2444.823 5.908| 15.00632| 0.005306




vIitM

Coarse |Cement| Water| Sand | Rock Cross |Height|Weight | Slump Date Date Ages |Ultimate| Comp | Weight |Diameter|{ Diameter| Volume

Spec.| Code Section of of Load | Strength per

Casted Test Volume
no. kg kg kg kg cm? cm Ky cm d/mly dimly days kn ksc kg/cu.m. in cm m3

177.223] 29.90| 13.061] 6.50 [22/12/2004 [29/12/2004 7] 398.70| 229.33] 2464.820 5.914| 15.02156| 0.005299
o 4 1" 27.20| 16.10f 77.40] 94.40] 177.403| 30.10| 12.926] 6.50 |22/12/2004 [29/12/2004 7] 364.90] 209.67] 2420.679 5.917] 15.02918| 0.005340
175.967| 30.10| 12.877| 6.50 |22/12/2004 |29/12/2004 7] 428.00] 247.94| 2431.185 5.893] 14.96822| 0.005297
176.744| 30.00! 12.762| 6.50 |22/12/2004 |6/01/2005 15 438.80] 253.08| 2406.874 5.906] 15.00124] 0.005302
il 4 1" 27.20 16.10| 77.40] 94.40| 176.684] 30.00| 12.764| 6.50 |22/12/2004 |6/01/2005 15 339.20| 195.70| 2408.066 5.905| 14.99870; 0.005301
176.744] 30.00] 12.767| 6.50 [22/12/2004 |6/01/2005 15| 445.30] 256.83| 2407.817 5.906( 15.00124| 0.005302
10 176.864] 30.00| 12.727| 6.50 [22/12/2004 [{19/01/2005 28| 467.20] 269.27] 2398.648 5.908| 15.00632] 0.005306)
11 |wits 1" 27.20| 16.10| 77.40 94.40 176.804| 30.10| 12.729| 6.50 |22/12/2004 |19/01/2005 28| 524.20] 302.23| 2391.864 5.907| 15.00378| 0.005322,
12 176.744{ 30.10| 12.757| 6.50 |22/12/2004 {19/01/2005 28| 536.00] 309.14| 2397.938 5.906| 15.00124| 0.005320
176.923| 30.10| 13.129] 4.50 |22/12/2004 {27/12/2004 457.60] 263.65| 2465.357 5.909] 15.00886| 0.005325
a5 1" 28.90| 15.80| 78.80] 92.90| 176.983] 29.90] 13.925| 4.50 |22/12/2004 |27/12/2004 443.20] 255.27| 2631.430 5.910[ 15.01140] 0.005292
176.684 29.90| 13.953| 4.50 |22/12/2004 |27/12/2004 434.60] 250.74| 2641.188 5.905| 14.99870] 0.005283
176.744| 30.10] 12.850| 4.50 |22/12/2004 |29/12/2004 476.50] 274.82] 2415.419 5.906] 15.00124| 0.005320,
¥AR 5 1" 28.90| 15.80| 78.80 92.90| 176.744| 30.10] 13.009| 4.50 |22/12/2004 [29/12/2004 459.00] 264.73| 2445.306 5.906( 15.00124| 0.005320
176.804| 30.00| 12.887| 4.50 [22/12/2004 [29/12/2004 440.10] 253.74] 2429.625 5.907| 15.00378| 0.005304
176.804| 29.96| 12.960| 4.50 |22/12/2004 16/01/2005 15| 510.80[ 294.50| 2446.651 5.907| 15.00378| 0.005297
o 5 1" 28.90| 15.80| 78.80] 92.90] 176.744| 29.97| 12.913| 4.50 [22/12/2004 |6/01/2005 15| 532.10| 306.89| 2437.790 5.906] 15.00124| 0.005297
176.804| 29.99| 12.945 4.50 |22/12/2004 [6/01/2005 15| 551.20] 317.80| 2441.374 5.907] 15.00378] 0.005302
10 176.804]| 30.40| 13.049| 4.50 [22/12/2004 [19/01/2005 28| 531.50] 306.44| 2427.797 5.907| 15.00378| 0.005375
11 |wits 1" 28.90| 15.80| 78.80] 92.90! 176.804] 30.20| 12.994| 4.50 |22/12/2004 |19/01/2005 28| 559.60] 322.64] 2433.575 5.907| 15.00378] 0.005339
12 176.864| 30.30| 12.849| 4.50 |22/12/2004 [19/01/2005 28] 520.10] 299.76| 2397.664 5.908] 15.00632| 0.005359




GItM

Coarse |Cement| Water | Sand | Rock Cross {Height|Weight|Slump Date Date Ages |Ultimate| Comp | Weight |Diameter| Diameter| Volume

Spec.| Code Section of of Load | Strength per

Casted Test Volume
no. kg kg kg kg cm? cm kg cm d/m/y d/mly days kn ksc | kg/cu.m. in cm m3

176.744] 30.00] 12.912] 11.00 |23/12/2004 [27/12/2004 4| 181.70{ 104.80| 2435.163 5.906| 15.00124| 0.005302
i 6 1" 22.10| 18.00] 73.10| 98.90] 176.804| 30.00[ 12.610] 11.00 |23/12/2004 |27/12/2004 4] 147.90 85.27| 2377.402 5.907| 15.00378| 0.005304
176.983] 29.90| 12.543} 11.00 [23/12/2004 [27/12/2004 197.90] 113.98] 2370.271 5.910] 15.01140] 0.005292
4 176.804] 30.00| 12.710] 11.00 |23/12/2004 |30/12/2004 212,40 122.46] 2396.255 5.907| 15.00378] 0.005304
ol 6 1" 22.10| 18.00| 73.10] 98.90] 176.864| 30.10] 12.786| 11.00 |23/12/2004 |30/12/2004 233.20] 134.41| 2401.762 5.908] 15.00632] 0.005324
176.804| 30.00| 12.684| 11.00 [23/12/2004 [30/12/2004 233.70] 134.74] 2391.353 5.907| 15.00378| 0.005304
7 176.684 30.02| 12.691{ 11.00 {23/12/2004 |6/01/2005 14| 236.60] 136.51] 2392.699 5.905| 14.99870! 0.005304
8 |wis 1" 22.10| 18.00| 73.10] 98.90| 176.624] 30.01] 12.785| 11.00 |23/12/2004 |6/01/2005 14] 183.70] 106.02| 2412.041 5.904| 14.99616| 0.005300
9 176.684| 29.95| 12.820| 11.00 |23/12/2004 |6/01/2005 14| 252.00f 145.39] 2422.669 5.905| 14.99870! 0.005292
10 176.804| 30.20| 12.890] 11.00 |23/12/2004 |20/01/2005 28| 342.50] 197.47| 2414.097 5.907| 15.00378] 0.005339
11 [wie 1" 22.10| 18.00} 73.10| 98.90| 176.864| 29.90| 12.684{ 11.00 |23/12/2004 {20/01/2005 28! 310.10] 178.73| 2398.539 5.908| 15.00632] 0.005288
12 176.864{ 30.10] 12.708| 11.00 |23/12/2004 [20/01/2005 28| 347.20; 200.11[ 2387.110 5.908| 15.00632[ 0.005324
176.804] 29.90| 12.800] 15.50 |23/12/2004 |27/12/2004 4| 268.20{ 154.63| 2421.294 5.907| 15.00378| 0.005286)
it 7 1" 29.80! 17.10| 71.50] 96.40] 176.923| 30.00| 12.705| 15.50 |23/12/2004 |27/12/2004 41 200.70] 115.64| 2393.691 5.909] 15.00886| 0.005308
176.923| 30.00| 12.834| 15.50 |23/12/2004 [27/12/2004 4| 263.60{ 151.88] 2417.995 5.909| 15.00886] 0.005308
4 176.744| 30.00| 12.811] 15.50 |23/12/2004 [30/12/2004 297.70] 171.70] 2416.115 5.906| 15.00124| 0.005302
5 |wir 1" 29.80| 17.10| 71.50| 96.40{ 176.684| 29.90] 12.734| 15.50 {23/12/2004 |30/12/2004 281.80] 162.58| 2410.441 5.905| 14.99870| 0.005283]
6 176.744| 29.90] 12.948| 15.50 {23/12/2004 [30/12/2004 326.60] 188.37] 2450.120 5.906| 15.00124| 0.005285
176.804 30.00] 13.019] 15.50 |23/12/2004 {6/01/2005 14| 408.20] 235.35| 2454.512 5.907| 15.00378| 0.005304
i 7 1" 20.80| 17.10| 71.50] 96.40| 176.684| 30.00| 12.855| 15.50 {23/12/2004 |6/01/2005 14| 404.40] 233.32| 2425.234 5.905( 14.99870] 0.005301
9 176.744| 29.97| 12.946| 15.50 {23/12/2004 |6/01/2005 14| 379.50] 218.88| 2444.019 5.906| 15.00124] 0.005297




91tM

Coarse |Cement| Water| Sand | Rock Cross |Height | Weight|Slump Date Date Ages |Ultimate| Comp | Weight |Diameter| Diameter Volume

Spec.| Code Section of of Load |Strength per

Casted Test Volume
no. kg kg kg kg om? cm kg cm d/mly d/mly days kn ksc kg/cu.m. in cm m3

10 176.923| 30.00] 12.952| 15.50 [23/12/2004 |20/01/2005 28] 476.30] 274.43] 2440.227 5.909] 15.00886| 0.005308
11 |wit 1" 29.80| 17.10| 71.50| 96.40{ 176.744| 30.20{ 12.897| 15.50 |23/12/2004 |20/01/2005 28] 442.80] 255.38| 2416.226 5.906! 15.00124| 0.005338
12 176.804| 30.00[ 12.861{ 15.50 |23/12/2004 [20/01/2005 28] 349.70] 201.62) 2424.724 5.907| 15.00378] 0.005304|
1 176.804| 29.90| 12.711} 10.50 [23/12/2004 [27/12/2004 439.20] 253.22| 2404.458 5.907| 15.00378| 0.005286
2 w8 1" 34.00| 16.70| 72.20| 93.20| 176.864] 29.90| 12.638| 10.50 |23/12/2004 |27/12/2004 401.70] 231.52| 2389.840 5.908| 15.00632] 0.005288
176.864] 29.90| 12.789 10.50 123/12/2004 |27/12/2004 419.30] 241.67| 2418.394 5.908| 15.00632[ 0.005288
176.684 30.00] 12.725| 10.50 |23/12/2004 |30/12/2004 461.90] 266.49) 2400.708 5.905| 14.99870| 0.005301
5 |y 1" 34.00] 16.70| 72.20] 93.20| 176.804] 30.10| 12.879| 10.50 |23/12/2004 |30/12/2004 441.90] 254.78| 2420.050 5.907] 15.00378} 0.005322
6 176.804| 30.00| 12.906| 10.50 |23/12/2004 |30/12/2004 463.40{ 267.17| 2433.208 5.907| 15.00378] 0.005304
176.744| 30.00| 12.898] 10.50 |23/12/2004 |6/01/2005 14; 530.20| 305.79| 2432.523 5.906| 15.00124] 0.005302
o & 1" 34.00| 16.70] 72.20| 93.20| 176.684] 30.00] 12.919| 10.50 |23/12/2004 |6/01/2005 14| 496.10] 286.22| 2437.309 5.905| 14.99870] 0.005301
176.684| 30.00| 13.068| 10.50 |23/12/2004 |6/01/2005 14| 497.50| 287.03] 2465.419 5.905| 14.99870| 0.005301
10 176.864| 29.90| 12.920[ 10.50 |23/12/2004 {20/01/2005 28] 592.50| 341.49| 2443.166 5.908] 15.00632 0.005288
11 i 1" 34.00| 16.70| 72.20| 93.20| 176.744| 30.00[ 12.863| 10.50 [23/12/2004 [20/01/2005 28[ 565.40 326.09| 2425.922 5.906{ 15.00124] 0.005302
12 176.864] 29.90| 12.817{ 10.50 |23/12/2004 |20/01/2005 28] 604.50| 348.41| 2423.689 5.908] 15.00632] 0.005288
176.804| 29.90| 12.474| 21.50 |27/12/2004 |30/12/2004 131.00 75.53| 2359.627 5.907| 15.00378| 0.005286
AR 9 1" 23.80| 18.50| 73.10| 95.90| 176.864| 29.80| 12.798| 21.50 |27/12/2004 [30/12/2004 97.50 56.19] 2428.217 5.908] 15.00632| 0.005271
176.804] 29.90| 12.771} 21.50 |27/12/2004 |30/12/2004 84.80 48.89] 2415.808 5.907| 15.00378] 0.005286
176.864| 29.90| 12.425[ 21.50 {27/12/2004 [3/01/2005 190.10] 109.57| 2349.562 5.908] 15.00632] 0.005288
it 9 1" 23.80| 18.50| 73.10| 95.90| 176.804] 20.80| 12.553| 21.50 |27/12/2004 {3/01/2005 138.20 79.68| 2382.539 5.907| 15.00378] 0.005269
176.804| 29.80| 12.352| 21.50 |27/12/2004 |3/01/2005 149.00 85.91| 2344.389 5.907] 15.00378] 0.005269




LIt

Coarse |Cement| Water| Sand | Rock Cross |Height|Weight|Slump Date Date Ages |Uttimate| Comp | Weight |Diameter| Diameter | Volume

Spec.| Code Section of of Load [Strength per

Casted Test Volume
no. kg kg kg kg cm? cm kg cm d/m/ly d/m/ly days kn ksc kg/cu.m. in cm m3.

176.804| 29.00| 12.558| 21.50 |27/12/2004 |10/01/2005 14{ 231.00] 133.18| 2375.516 5.907| 15.00378] 0.005286
xa 9 1" 23.80| 18.50| 73.10{ 95.90| 176.864| 30.10| 12.714| 21.50 |27/12/2004 |10/01/2005 14| 219.10] 126.28| 2388.237 5.908| 15.00632| 0.005324|
176.684{ 29.90| 12.547| 21.50 |27/12/2004 [10/01/2005 14| 253.70| 146.37| 2375.044 5.905| 14.99870; 0.005283
10 176.864| 29.90| 12.551| 21.50 |27/12/2004 |24/01/2005 28| 290.80| 167.61| 2373.389 5.908| 15.00632] 0.005288
11 |wils 1" 23.80] 18.50| 73.10] 95.90| 176.804] 29.80| 12.604| 21.50 [27/12/2004 |24/01/2005 28| 252.70| 145.70| 2392.219 5.907| 15.00378| 0.005269
12 176.864] 29.60| 12.731| 21.50 [27/12/2004 |24/01/2005 28| 262.70] 151.41| 2431.826 5.908{ 15.00632] 0.005235
1 176.744| 30.00] 12.764| 21.50 |{27/12/2004 |30/12/2004 161.80 93.32] 2407.251 5.906| 15.00124| 0.005302
2 |wi 10 1" 25.50] 18.00| 73.10] 95.90 176.804] 29.90| 12.692| 21.50 [27/12/2004 |30/12/2004 196.90] 113.52| 2400.864 5.907| 15.00378| 0.005286
176.804| 29.90| 12.699| 21.50 |{27/12/2004 [30/12/2004 153.70 88.62| 2402.188 5.907| 15.00378] 0.005286
176.744] 30.00| 12.697| 21.50 [27/12/2004 |3/01/2005 212.70] 122.67| 2394.615 5.906] 15.00124] 0.005302
o 10 1" 25.50| 18.00] 73.10| 95.90| 176.804| 30.00] 12.776| 21.50 [27/12/2004 |3/01/2005 176.70] 101.88] 2408.698| 5.907| 15.00378] 0.005304
176.804| 29.90| 12.767| 21.50 |27/12/2004 |3/01/2005 209.80] 120.96| 2415.052 5.907| 15.00378| 0.005286
176.744| 29.80| 12.724| 21.50 [27/12/2004 |10/01/2005 14| 325.20| 187.56| 2415.812 5.906| 15.00124| 0.005267
8 jwi 10 1™ 25.50| 18.00| 73.10| 95.90| 176.804] 30.10{ 12.666| 21.50 |27/12/2004 |10/01/2005 14| 336.70| 194.13| 2380.026 5.907| 15.00378| 0.005322
9 176.804{ 30.10| 12.805| 21.50 |27/12/2004 |10/01/2005 14| 340.10{ 196.09| 2406.145 5.907] 15.00378] 0.005322
10 176.923| 29.90| 12.672| 21.50 [27/12/2004 {24/01/2005 28| 379.90 218.88| 2395.459 5.909 15.00886| 0.005290
11 |ef 1" 25.50| 18.00| 73.10| 95.90| 176.744| 30.00] 12.763| 21.50 [27/12/2004 |24/01/2005 28] 332.60{ 191.83| 2407.062 5.906| 15.00124| 0.005302
12 176.684| 30.00| 12.791| 21.50 [27/12/2004 |24/01/2005 28| 320.40 184.85( 2413.160 5.905| 14.99870| 0.005301
1 176.864| 29.80| 12.680| 21.00 |27/12/2004 |30/12/2004 122.50 70.60] 2405.829 5.908| 15.00632[ 0.005271
it 11 1" 2270 17.10| 76.90| 96.90| 176.804| 29.80| 12.930| 21.00 [27/12/2004 |30/12/2004 134.10 77.32| 2454.093 5.907| 15.00378] 0.005269
176.804] 29.90| 12.620| 21.00 [27/12/2004 |30/12/2004 153.90 88.73| 2387.245 5.907] 15.00378] 0.005286




SIbNM

Coarse |Cement| Water | Sand | Rock Cross | Height|Weight|Slump Date Date Ages {Ultimate] Comp | Weight |Diameter| Diameter|{ Volume

Spec.| Code Section of of Load |Strength per

Casted Test Volume
no. kg kg kg kg cm? cm kg cm d/mfy d/mly days kn ksc kg/cu.m. in cm .m3

176.864| 29.80| 12.745| 21.00 |27/12/2004 |3/01/2005 7] 23240 133.95) 2418.161 5.908] 15.00632| 0.005271
it 11 Cqn 22.70| 17.10| 76.90 96.90| 176.864] 30.00| 12.778| 21.00 {27/12/2004 |3/01/2005 7] 229.80| 132.45 2408.260 5.908| 15.00632] 0.005306
176.744] 29.80| 12.703{ 21.00 |27/12/2004 {3/01/2005 7] 190.10] 109.64| 2411.825 5.906] 15.00124| 0.005267,
176.864] 30.00| 12.714| 21.00 |27/12/2004 |[10/01/2005 14{ 293.70| 169.28} 2396.198 5.908] 15.00632 0.005306
il 11 1" 22.70| 17.10| 76.90 96.90{ 176.923| 30.10| 12.550] 21.00 |27/12/2004 {10/01/2005 14] 310.60] 178.96| 2356.633 5.909] 15.00886] 0.005325
176.804| 30.10| 12.626] 21.00 |27/12/2004 |10/01/2005 14| 238.60] 137.57| 2372.510 5.907| 15.00378| 0.005322
10 176.804| 29.90| 12.770] 21.00 |27/12/2004 |24/01/2005 28| 364.80] 210.33] 2415.619 5.907| 15.00378| 0.005286
11 |win 1" 22,70 17.10| 76.90] 96.90 176.923] 29.90| 12.704| 21.00 |27/12/2004 |24/01/2005 28| 300.10[ 172.91j 2401.508 5.909| 15.00886| 0.005290
12 176.923| 29.60| 12.941] 21.00 [27/12/2004 |24/01/2005 28| 290.80] 167.55( 2471.103 5.909] 15.00886] 0.005237|
1 176.804| 29.90! 12.725| 22.50 |28/12/2004 [31/12/2004 140.90 81.24| 2407.107 5.907] 15.00378] 0.005286
2 w12 1" 27.20| 17.80] 68.90] 99.40 176.864| 29.80; 12.687| 22.50 [28/12/2004 |31/12/2004 181.80] 104.78| 2407.157 5.908| 15.00632 0.005271
176.804; 29.80| 12.809| 22.50 |28/12/2004 |31/12/2004 132.10 76.16] 2431.127 5.907| 15.00378] 0.005269
4 176.804{ 29.80| 12.680| 22.50 |28/12/2004 |4/01/2005 174.80] 100.78] 2406.643 5.907| 15.00378] 0.005269
5 |win 1" 27.20! 17.80| 68.90] 99.40| 176.804] 29.90| 12.743| 22.50 |28/12/2004 |4/01/2005 231.20[ 133.30{ 2410.512 5.907} 15.00378| 0.005286
6 176.864] 29.80| 12.782] 22.50 |28/12/2004 }4/01/2005 193.20] 111.35] 2425.182 5.908] 15.00632] 0.005271
176.744| 30.00| 12.818] 22.50 [28/12/2004 {11/01/2005 14| 244.40] 140.96] 2417.435 5.906| 15.00124| 0.005302
o 12 1" 27.20| 17.80| 68.90] 99.40 176.684] 30.10| 12.734| 22.50 |28/12/2004 {11/01/2005 14| 227.50] 131.25 2394.425 5.905| 14.99870| 0.005318
176.744| 30.10| 12.707| 22.50 |28/12/2004 [11/01/2005 14| 291.40| 168.06| 2388.539 5.906|_15.00124| 0.005320
10 176.684| 30.10| 12.687| 22.50 [28/12/2004 [25/01/2005 28| 330.20] 190.51| 2385.587 5.905| 14.99870] 0.005318
11 |win 1" 27.20| 17.80] 68.90] 99.40| 176.744| 29.90] 12.935| 22.50 |28/12/2004 |25/01/2005 28| 340.40] 196.33| 2447.660 5.906| 15.00124| 0.005285
12 176.684| 29.80| 12.837} 22.50 |28/12/2004 {25/01/2005 28| 382.10{ 220.45] 2438.092 5.905| 14.99870| 0.005265




61bM

Coarse |Cement| Water | Sand | Rock Crot<:s Height | Weight | Slump Date Date Ages |Ultimate| Comp | Weight |Diameter| Diameter Volume

Spec.| Code Section of of Load |Strength per

Casted Test Volume
no. kg kg kg kg cm? cm kg cm d/mly d/mfy days kn ksc kg/cu.m. in cm m3

1 176.864] 29.90| 12.569| 22.50 {28/12/2004 {31/12/2004 192.60 111.01] 2376.792 5.908] 15.00632| 0.005288
2 |yils 1" 28.40| 18.90| 69.80! 94.40| 176.864] 30.00| 12.530| 22.50 |28/12/2004 |31/12/2004 206.70] 119.13| 2361.519 5.908| 15.00632] 0.005306
176.804| 29.80| 12.615[ 22.50 [28/12/2004 |31/12/2004 222.60] 128.34| 2394.306 5.907| 15.00378| 0.005269
4 176.923| 29.90| 12.797| 22.50 |28/12/2004 4/01/2005 220.10, 126.81| 2419.088 5.909| 15.00886| 0.005290
i 13 1" 28.40| 18.90| 69.80| 94.40| 176.804] 29.90| 12.564| 22.50 [28/12/2004 |4/01/2005 214.90] 123.90| 2376.651 5.907| 15.00378| 0.005286
176.864| 30.00| 12.601| 22.50 |28/12/2004 |4/01/2005 219.30] 126.40| 2374.901 5.908) 15.00632) 0.005306
7 176.864| 30.00{ 12.985| 22.50 [28/12/2004 |11/01/2005 14| 276.60] 159.42| 2447.273 5.908| 15.00632] 0.005306
8 |win 1" 28.40| 18.90| 69.80| 94.40| 176.804] 29.90| 13.134] 22.50 28/12/2004 |11/01/2005 14| 283.60{ 163.51| 2484.475 5.907| 15.00378 0.005286
9 176.804| 30.00| 12.918] 22.50 |28/12/2004 ]11/01/2005 14| 323.10] 186.28| 2435.470 5.907| 15.00378| 0.005304
10 176.804] 29.90| 12.710] 22.50 [28/12/2004 |25/01/2005 28| 340.10, 196.09] 2404.269 5.907| 15.00378| 0.005286
11 i o 1" 28.401 18.90| 69.80] 94.40] 176.864| 29.90| 12.847| 22.50 |28/12/2004 |25/01/2005 28] 291.70{ 168.12| 2429.362 5.908] 15.00632] 0.005288
12 176.864] 29.80| 12.914| 22.50 [28/12/2004 |25/01/2005 28| 310.50| 178.96[ 2450.226 5.908| 15.00632| 0.005271
1 176.983| 30.00| 12.856| 19.50 [28/12/2004 |31/12/2004 288.30 166.05| 2421.321 5.910{ 15.01140} 0.005309
o 14 1" 35.40| 18.30{ 67.50| 92.40| 176.864| 30.10| 12.939] 19.50 |28/12/2004 |31/12/2004 392.10] 225.99| 2430.502 5.908] 15.00632| 0.005324
176.804| 30.10| 13.059] 19.50 [28/12/2004 |31/12/2004 325.80| 187.84| 2453.873 5.907| 15.00378| 0.005322
4 176.864| 30.00| 13.077| 19.50 |28/12/2004 |4/01/2005 500.10] 288.24| 2464.612 5.908| 15.00632| 0.005306
gt 14 1" 35.40| 18.30| 67.50| 92.40| 176.804| 30.00| 13.093| 19.50 28/12/2004 [4/01/2005 319.20] 184.04| 2468.463 5.907| 15.00378| 0.005304
176.804| 29.90| 13.044| 19.50 {28/12/2004 |4/01/2005 338.40| 195.11| 2467.450 5.907| 15.00378; 0.005286
176.864| 30.00| 12.841| 19.50 [28/12/2004 |11/01/2005 14| 558.10, 321.67{ 2420.133 5.908| 15.00632 0.005306
it 14 1" 3540 18.30l 67.50] 92.40] 176.923| 30.20| 12.692| 19.50 |28/12/2004 |11/01/2005 14| 554.30] 319.37| 2375.406 5.909| 15.00886| 0.005343
176.744] 30.00| 12.884| 19.50 [28/12/2004 |11/01/2005 14| 593.40 342.24| 2429.882 5.906| 15.00124[ 0.005302




0ThM

Coarse |Cement| Water| Sand | Rock Cross |Height|Weight|Slump Date Date Ages |Ultimate| Comp | Weight |Diameter | Diameter | Volume

spec.| Code Section of of Load |Strength per

Casted Test Volume
no. kg kg kg kg cm? cm kg cm d/mly d/mly days kn ksc kg/cu.m. in cm m3

10 176.923| 30.30| 13.055| 19.50 [28/12/2004 |25/01/2005 28| 595.40| 343.05| 2435.280 5.009| 15.00886| 0.005361
11 fyiie 1" 35.40| 18.30| 67.50| 92.40| 176.804| 29.90| 13.036| 19.50 [28/12/2004 {25/01/2005 28 584.20| 336.82| 2465.937 5.907| 15.00378| 0.005286
12 176.923| 30.00| 13.127| 19.50 |28/12/2004 |25/01/2005 28 590.10{ 339.99| 2473.198 5.909] 15.00886| 0.005308
176.804| 30.00| 12.748} 15.00 [28/12/2004 |31/12/2004 3| 118.70 68.44| 2403.419 5.907| 15.00378] 0.005304
it 15 1" 22.10| 16.00| 75.50| 101.80| 176.804 30.10} 12.808| 15.00 |28/12/2004 |31/12/2004 153.70 88.62| 2406.709 5.907| 15.00378| 0.005322
176.864| 30.10{ 12.870] 15.00 [28/12/2004 |31/12/2004 131.40 75.73| 2417.541 5.908| 15.00632] 0.005324
176.684| 30.00| 12.760] 15.00 |28/12/2004 {4/01/2005 204.50] 117.99| 2407.312 5.905| 14.99870| 0.005301
s A 22.10| 16.00| 75.50| 101.80| 176.804]| 30.10| 12.950] 15.00 [28/12/2004 }4/01/2005 177.50] 102.34| 2433.392 5.907| 15.00378| 0.005322
176.804] 30.00| 12.963| 15.00 [28/12/2004 4/01/2005 184.30] 106.26| 2443.954 5.907| 15.00378| 0.005304
176.804| 30.00| 12.818{ 15.00 [28/12/2004 |11/01/2005 14| 240.10] 138.43| 2416.617 5.907| 15.00378| 0.005304
it 15 1" 2210l 16.00| 75.50| 101.80| 176.804] 30.10] 12.828| 15.00 |28/12/2004 |11/01/2005 14| 225.20{ 129.84| 2410.467 5.907| 15.00378] 0.005322)
176.864| 30.10| 12.858{ 15.00 |28/12/2004 |11/01/2005 14| 244.90] 141.15| 2415.286 5.908| 15.00632| 0.005324
10 176.684| 30.20| 13.101| 15.00 [28/12/2004 |25/01/2005 28| 211.40] 121.97; 2455.276 5.905 14.99870. 0.005336
11 [wiss 1" 2210l 16.00| 75.50| 101.80] 176.923| 30.40| 13.130] 15.00 |28/12/2004 |25/01/2005 28| 238.30[ 137.30] 2441.214 5.909| 15.00886| 0.005378
12 176.983| 30.20| 13.087| 15.00 [28/12/2004 25/01/2005 28/ 200.10] 115.25| 2448.504 5.910] 15.01140] 0.005345
1 176.864| 30.00| 12.511[ 20.50 [28/12/2004 [31/12/2004 128.20 73.89| 2357.939 5.908| 15.00632] 0.005306]
wafh 16 1" 2550 18.50| 82.80| 84.50| 176.923] 30.10| 12.633| 20.50 |28/12/2004 |31/12/2004 108.50 62.51] 2372.219 5.909{ 15.00886( 0.005325
176.804| 30.00| 12.521} 20.50 [28/12/2004 |31/12/2004 131.60 75.87| 2360.622 5.907| 15.00378] 0.005304
176.744| 29.90| 12.595( 20.50 |28/12/2004 {4/01/2005 176.20] 101.62] 2383.322 5.906| 15.00124] 0.005285
5 |wile 1" 25500 18.501 82.80| 84.50| 176.744] 29.80| 12.560| 20.50 |28/12/2004 |4/01/2005 135.10 77.92| 2384.675 5.906| 15.00124| 0.005267
6 176.744| 29.70| 12.525( 20.50 |28/12/2004 4/01/2005 7] 94.00 54.21| 2386.037 5.906] 15.00124] 0.005249




17hM

Coarse |Cement | Water | Sand | Rock Cross |Height|{Weight|Slump Date Date Ages |Ultimate| Comp | Weight |Diameter| Diameter | Volume
Spec.| Code Section of of Load |Strength per
Casted Test Volume
no. kg kg kg kg cm? cm kg cm d/mly d/mly days kn ksc kg/cu.m. in cm m3
176.804| 30.00| 12.818{20.50 [28/12/2004 [11/01/2005 14| 223.20] 128.69( 2416.617 5.907| 15.00378| 0.005304
it 16 1" 25.50| 18.50| 82.80| 84.50 176.923| 30.00| 12.643| 20.50 |28/12/2004 |11/01/2005 14| 220.10 126.81| 2382.010 5.909) 15.00886| 0.005308|
176.744| 29.80| 12.389| 20.50 |28/12/2004 |11/01/2005 14| 243.20| 140.27| 2352.208 5.906] 15.00124| 0.005267
10 176.864| 29.80] 12.452| 20.50 |28/12/2004 {25/01/2005 28| 271.50] 156.48| 2362.569 5.908] 15.00632; 0.005271
11 |wis 1" 2550 18.50| 82.80| 84.50| 176.744] 29.90| 12.640| 20.50 [28/12/2004 |25/01/2005 28| 263.60| 152.03| 2391.838 5.906| 15.00124| 0.005285
12 176.744| 30.00| 12.598| 20.50 |28/12/2004 |25/01/2005 28| 257.30| 148.40| 2375.944 5.906] 15.00124| 0.005302
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¥ 1]
2. famsandalisunsuanlWd Concrete2Setup.exe 1don Path ithnunylan

C:\MATLAB6p5\work

N2



Browse...

Press Install button to start extraction.
Lise Browse button to select the destination felder from the folders tree. It
can be also entered manually.
1 the destination folder does not exist, & will be created automatically before

extraction.

[ Instal ] ! Cancel }
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and car only be used on the curent machine.

o)

Corcl | = | Hep
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Data Source Name: §Concxe(r32 0K %
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Cancel
- Database
Database: Help Z
Create Bepai.. Compact.. |
: Advanced... |
+ System Database
% Nong
* Database:
i e 3 H
e QOptions>> |

Database Name Direclonies:
}da!abase.mdb ¢\ work\concrete2
| datahas = work .
£ Conciele?
£33 Constiucter
£ 010
{3 Papess
{£3 Report v
List Files of Type: Drives:
gﬁccess Databases {".m _vj %E < Windy _‘j

DK

Cancel ;

Hep |
i Bead Only

I Exclusive

Hetwork... |

[P ——

4 &% o &
4. Janihe1anarua lasnsna OK Wusuiesagu

Data Source Hame: iConcrete?

Description: i

Database

Database: C\..\wotk\ConcreteAdatzhase mdb

Create... : Repat...

Compact.. |

3

- Systern Database

“ None

¢ Databaze:

Cancel

Help

Advanced... ;

1
Options>> £

W5



2. mslgaulisunsn Compressive Strength Prediction 2

o
(%

TuneumsiFanulisunsn Compressive Strength Prediction 2

1. AlaTusunsy Matlab6p5
2. WuH cd Concrete2 (na Enter)

= 4 3 @ y
3. WU Concrete2 (Aa Enter) 32unthaouasil

Train Neural Metworks

Prediclion

About

Exit

Tundhveusnazility 4 fuliidon fe

. o = y
1. Train Neural Networks — 1#szuu@sdoyasingudeyauiinisiSeus
2. Prediction — na@eufiuea1nInnssudoyannd iy
3. About — 518azeadiawL Tisunsy

4. Exit — suuaztla Tlsunsundudng Tusunsy Matlab

AR




1. Train Neural Networks — 1fszuusdeyanngrudeyaminisitoud

& Shrsngin Pisdiciieed
Usirg ArﬁﬁciofNeurcl Networks
. N b sl

Training parameters
Mawmum Epochs i 0

o—

Goal 0

S

Leaming 1ale | [l

Ttain method ; trainbx

Cement {ME?-‘S; o

i
Train Newal Netwark RMSE (irain) r -

Ol RMSE (ies) I N

mslfnufenatfy Train Neural Network szuvssziimisasdeyauaziiun
Weights,Bias 19467 Neural networks Jtlaunszisszunadesniaeszuaasnl RMSE veq

:/I Y { o dy
TuasumsiFou/mageunazifaowiiugiidad

Tr-Blue Val:Green
5&)
/f
y

SSwW
5 E
2. X

@
i)
3
£
et
hd
o
% i
0 5 10 15 A 2%
Step Traning’ I 26 Epochs

W7



NrfJ f}f"‘ Jr«f}cr 723
mﬁcmTjNﬂurol Networks

> &1

MadmumEpochs: | 2000

God ; 0.001
Leaming 1ate M 0.005

Train method 1 trainky

Cement

Trao Newal Metworlk | RMSE (irair) { 32.0089

P | PMSE et ‘ 34,7054

I . a g ' ¥ ' i
dieviimsBoudiaswdal¥natu Close ietantvoduilly

. . o ' [ 9
2. Prediction — nageufuieA1Innssudoyasnd e

Spectic Graviy o cemerd

Specdic Gravity of fine sggtegele { 265
Speciic Graviy of coarse aggregate | 2.7

Spocific Grawity of water I 7

Unt ceaent |
Unt fre aggeegate content {7

Unit water coment {7 kg'm™3

Admisdue type 7]
Dey {TTTTTETTTTT day
Pubveized fustash T 7T kg,
Firenecs modulus {7
Dut TG " kg
Fredcinn Reset E
: i
Close }

a o a [ = /o @ a
wivosdmiu gl ldmmniiwesisuiluldtuszuy  lagaziimiasadeu
vouavesdeyaluudazdiu Srnninsnsendeyaiuvenvaiissuunsiimaouin ssuy

o & A q yyg Yy ) >
i sdeu e 19193 Devpuvadoyatiug

W28



Unit cement value should be in range [212,500]

ok |
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