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Abstract

concrete is considered one of the building materials that are produced from three
main elements, namely cement, aggregates and water where that production
process passes through different stages as blending and mixing, transport and
casting and finishing and processing in order to obtain a high quality product must
give high importance to concrete production process starting from the selection of
materials for concrete to concrete production tracking and proper actions to
obtain the desired quality.

Hence quality control QC plays an essential and important in order to ensure the
required quality, conducted many experiments for measuring the compressive
strength of concrete by specifications of ACI Institute through this study and
then assessing the quality of concrete pile by the third ring road project using
statistical methods and study the specification of America ACI214R-
02andfoundstrengthconcretetarget.

Data analysis showed that the quality of the concrete very well according to us
code classification construction testing General Overall VariationVresearcher
found that the production process for concrete quality achieved were statistically
controlled process and conform to the specifications The results of the Cp,CPK
were between 1.1 to 1.5 this confirms that the attic productivity succeeded in
achieving the required quality.
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When f,'<34.5MPa (5000psi)
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(0) bl Gil syl
for= 31.8(Mpa)........ooo.... (Target)
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2937 = 243-31.8= Mpa Sa¥1 aall

—Mpa Al ial do i gl - U e—
45.0

.0

350 3\ _x : SRR . TS 4 5 WY
N AVAR W“f&;«u@\ﬂ L

25.0

20.0
15.0
10.0

5.0

0.0
I 2.5 7 9111315171921232527293133353739414345474951535557596163

O plaiialy 15 oY) aall(2.4) IS

28



(20) plasinlylits
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(30) alasiuly - WG
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35.0 52.0 36.0 245 39.1 30.2
35.0 52.0 40.0 24.5 39.1 33.7
35.0 52.0 40.0 245 39.1 34.2
35.0 52.0 41.0 245 39.1 34.8
35.0 52.0 38.0 24.5 39.1 30.7
35.0 52.0 35.0 245 39.1 28.4
35.0 52.0 37.0 245 39.1 304
35.0 52.0 40.0 24.5 391 32.5
35.0 52.0 40.0 245 39.1 34.0
35.0 52.0 39.0 24.5 39.1 34.0
35.0 52.0 39.0 24.5 39.1 33.0
35.0 52.0 41.0 24.5 39.1 33.8
35.0 52.0 43.0 245 39.1 36.8
35.0 52.0 40.0 245 391 34.0
35.0 52.0 39.0 24.5 39.1 31.0
35.0 52.0 41.0 245 39.1 34.6
35.0 52.0 38.0 245 39.1 30.2
35.0 52.0 40.0 245 39.1 334
35.0 52.0 40.0 24.5 391 34.6
35.0 52.0 41.0 245 39.1 34.8
35.0 52.0 38.0 245 39.1 30.7
35.0 52.0 39.0 24.5 39.1 32.0
35.0 52.0 37.0 245 39.1 30.4
35.0 52.0 42.0 24.5 391 35.5
35.0 52.0 40.0 245 39.1 34.0
35.0 52.0 40.0 245 39.1 34.1
35.0 52.0 39.0 245 391 32.5
35.0 52.0 41.0 24.5 391 33.8
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35.0 52.0 39.0 245 39.1 32.0
35.0 52.0 35.0 245 39.1 29.0
35.0 52,0 38.0 24.5 39.1 32.0
35.0 52.0 39.0 24.5 39.1 32.0
35.0 52.0 39.0 24.5 39.1 33.0
35.0 52.0 40.0 24.5 39.1 30.0
35.0 52.0 38.0 24.5 39.1 31.0
35.0 52.0 41.0 245 39.1 35.0
35.0 52.0 33.0 245 39.1 29.0
35.0 52.0 34.0 24.5 39.1 28.0
35.0 52.0 47.0 24.5 39.1 38.0
35.0 52.0 38.0 24.5 39.1 33.0
35.0 52.0 37.0 24.5 39.1 32.0
35.0 52.0 37.0 24.5 39.1 30.0
35.0 52.0 37.0 24.5 39.1 30.0
35.0 52.0 39.0 24.5 39.1 32.0
35.0 52.0 40.0 24.5 39.1 33.0
35.0 52.0 38.0 24.5 39.1 31.6
35.0 52.0 37.0 24.5 39.1 321
35.0 52.0 40.0 24.5 39.1 33.9
35.0 52.0 45.0 24.5 39.1 36.6
35.0 52.0 35.0 245 39.1 36.9
35.0 52,0 31.8 24.5 39.1 33.0
35.0 52.0 39.0 24.5 39.1 3.1
35.0 52.0 43.0 24.5 39.1 36.1
35.0 52.0 42.0 24.5 39.1 33.7
35.0 52.0 42.0 245 39.1 33.7
35.0 52.0 39.0 245 39.1 1.5
35.0 52.0 43.0 24.5 39.1 33.9
35.0 52.0 39.6 24.5 39.1 31.7
35.0 52.0 43.0 24.5 391 349
35.0 52.0 42.0 24.5 39.1 33.5
35.0 52.0 42,0 245 39.1 34.8
35.0 52.0 40.0 24.5 39.1 33.9
35.0 52.0 43.0 245 39.1 36.1
35.0 52.0 43.0 24.5 39.1 36.6
35.0 52.0 36.0 24.5 39.1 30.2
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S il Bl g ke (B 5aae YL Lualidly ags 28 s daiuial! ik, il Ao glia il
(60 4 )dsaall daiasa 2 LS C 30/37 (k)

See Vb Lalill Bl al cilily (6.4)J s

N.sample Average movi:;g:r::;rt;ge for Range movingr ::ge;j;e for
1 47.15 49.32 321 1.67
2 48.8 48.54 2.2 1.83
3 45.82 48.26 0.54 2.01
4 43.71 47.65 1.65 1.83
l 45.21 46.32 1.19 1.9
6 44.91 45.84 1.78 1.71
» 47.73 44.91 13 1.71
8 40.93 45.39 2.18 1.09
9 46.26 46.2 2.1 1.61

10 48.56 46.46 1.39 1.77
11 50.93 47.37 1.92 1.57
12 48.3 48.17 2.9 1.54
13 4.7 48.51 1.32 1

14 48.19 48.12 0.53 1.77
15 50.4 48.03 1.5 1.69
16 44.75 47.9 1.79 1.66
17 47.41 47.01 1.26 24
18 49.78 47.6 0.73 23
19 47.46 48.08 1.39 215
20 49.5 47.35 0.93 2.15
21 49.61 48.54 1.75 2.04
22 51.41 49.09 2 1.91
23 48.88 49.49 1.47 2.09
24 48.36 49.85 0.18 2.18
25 46.7 49.56 1.1 2.03
26 49 48.84 1.4 1.29
27 4.7 48.24 1.2 1.01
28 49.97 47.49 1.5 1.36
29 47.08 47.59 0.47 1.37
30 51.12 47.69 0.91 1.32
N 48.49 48.22 3.21 1.23
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N.sample Average movir;gr::;;ange for Range moving:_ ::;Erage for
32 51.71 49.24 2.53 1.97
33 51.69 49.67 0.59 1.39
34 51.12 50.83 4.32 1.43
35 48.33 50.83 4.49 1.79
36 51.07 50.71 0.83 2.14
37 52.09 50.55 2 2.09
38 46.39 50.65 1.44 2.26
39 46.98 49.47 5.08 2.37
40 50.26 49.13 0.4 2.83
41 54.06 48.39 1.77 2.52
42 48.86 49.5 4.31 2.43
43 47.56 50.11 2.59 2.85
44 49.2 50.26 4.9 2.66
45 49.22 49.99 3.25 27
46 52.89 48.71 0.85 2.97
47 49.81 49.71 2.58 2.73
48 47.24 50.27 1.07 2.86
49 48.84 49.78 3.31 2.41
50 48.56 46.46 1.39 1.77
fer=1.10* 37+ 4.8 MPa= 45.5MPa ...................... (Target )
fer= 45.5Mpa............. (Target)
fc=37 Mpa
3o=f4-fc
30=455-37=85

(30) plaaiul,

540 =85 + 45.5 = Mpa (e ¥! 1)

37.0 = 8.5-45.5 = Mpa Y1 aall
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o3¢ Lally Ll 392all 5 052 28 s 3 Coligel dakl) Al Jasie eanings (s
(7 »4)dsaslls s s LS Clill

rp52 28 Qlisl 1y e aally G gladdl Lo gie (7-4) Jsaa

Lower(Mpa) Upper(Mpa) 28 Days
37.0 54 47.15
37.0 54 48.8
37.0 54 45.82
37.0 54 43.71
37.0 54 45.21
37.0 54 44.91
37.0 54 47.73
37.0 54 40.93
37.0 54 46.26
37.0 54 48.56
37.0 54 50.93
37.0 54 48.3
37.0 54 44.7
37.0 54 48.19
37.0 54 50.4
37.0 54 44.75
37.0 54 47.41
37.0 54 49.78
37.0 54 47.46
37.0 54 49.5
37.0 54 49.61
37.0 54 91.41
37.0 54 48.88
37.0 54 48.36
37.0 54 46.70
37.0 54 49.0
37.0 54 44.70
37.0 54 49.97
37.0 54 47.08
37.0 54 51.12
37.0 54 48.49
37.0 54 51.71
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Lower(Mpa) Upper(Mpa) 28 Days
37.0 54 51.69
37.0 54 51.12
37.0 54 48.33
37.0 54 51.07
37.0 54 52.09
37.0 54 46.39
37.0 54 46.98
37.0 54 50.26
37.0 54 54.06
37.0 54 48.86
37.0 54 47.56
37.0 54 49.2
37.0 54 49.22
37.0 54 52.89
37.0 54 49.81
37.0 54 47.24
37.0 54 48.84
37.0 54 48.56

84 YIAilus i) Tabdalf L glia Janu gia

T =T e LI LI il i e s o v AN I O S M St e e e e v e s T
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goia: ( decks slap) syl dalilly ag) 28 w haiall Al all dagliae ciliby
f

(UL dalal) Bl al iy (8.4) e

N.sample | Average :"I ‘;‘:;"9; Rang mR‘;v':;g_

1 50.9 / 3.4 /

2 52.03 / 2.7 /

3 56.67 / 1.8 /

4 54.57 / 1.1 /

5 53.63 53.54 2 /

6 53.43 54.23 2 /

7 54.4 54.58 1.8 /

8 49.7 54.01 2.6 /

9 51.87 52.79 1.9 /
10 54.1 52.35 1.6 2.06
11 50.73 52.52 1.7 1.86
12 54.13 51.06 1.8 1.63
13 53.3 52.71 1.5 1.68
14 54.2 53.04 2.9 1.78
15 54.4 53.09 2.5 1.83
16 50.43 54.01 0.7 1.71
17 52.7 53.08 1.4 1.56
18 54.7 52.93 4.4 1.94
19 52.83 53.06 2.4 2.03
20 54.57 52.67 1.2 2.09
21 51 $3.7 1.4 2.04
22 51.47 53.28 3.3 2.2
23 49 52.47 2.5 2.33
24 48.07 51.51 3.7 2.65
25 53.87 49.88 3.51 3.05
26 53.91 50.6 5.03 2.57
27 50.93 51.21 0.11 2.82
28 52.39 51.7 4.62 2.84
29 54.54 52.72 5.51 3.29
30 52.3 52.94 0.56 2.99
31 83.5 52.54 2.74 3.01

a7



N.sample | Average :‘" 2:;;92 Rang '7:::

32 54.05 53.18 1.72 2.79
33 52.48 53.6 3.08 2.75
34 50.69 53.08 5.23 2.77
35 53.73 52.68 2.74 3.06
36 54.27 52.74 2.65 2.84
37 53.87 52.79 2.65 /
38 50.92 53.14 3.4 /
39 50.9 51.21 2.7 /
40 52.03 51.5 1.8 /
41 56.67 54 1.4 /
42 54.57 52.5 2 /
43 53.63 53.54 2 /
44 53.43 54.23 1.8 /
45 54.4 54.58 2.6 /
46 49.7 54.01 1.9 /
47 51.87 52.79 1.6 /
48 54.1 52.35 1.7 /
49 50.73 52.52 1.8 /
50 54.13 51.06 1.54 /

fer="1.10* 37+ 4.8 MPa= 45.5MPa «evvvvvveveeennn. (Target)

for= 455Mpa................ (Target)

fc=37Mpa

36=fer—fc

36=455-37=8.5

(30) plasiuly

54.0 = 8.5 + 45.5=Mpa e ¥ 2l
370 = 8.5-455=Mpa Y all
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o3¢ Lidly Ll agaall 5 033 28 ao il colied Tkl Raglie Laesia pranings S
(974 )sall mase a0 L Slisal

ase 28 ey Ciliall Lially Wadl 30ally Jaizall daglie Javisia (944) Jsoa

Lower(Mpa) Upper(Mpa) 28 Days
37.0 54.0 50.9
37.0 54.0 52.03
37.0 54.0 56.67
370 54.0 54.57
37.0 54.0 53.63
37.0 54.0 53.43
37.0 54.0 54.4
37.0 54.0 49.7
37.0 54.0 51.87
37.0 54.0 54.1
37.0 54.0 50.73
37.0 54.0 54.13
37.0 54.0 53.3
37.0 54.0 54.2
37.0 54.0 54.4
37.0 54.0 50.43
37.0 54.0 52.7
37.0 54.0 54.7
37.0 54.0 52.83
37.0 54.0 54.57
37.0 54.0 51
37.0 54.0 51.47
37.0 54.0 49
37.0 54.0 48.07
37.0 54.0 53.87
37.0 54.0 53.91
37.0 54.0 50.93
37.0 54.0 52.39
37.0 54.0 54.54
37.0 54.0 52.3
37.0 54.0 53.5
37.0 54.0 54.05
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Lower(Mpa) Upper(Mpa) 28 Days
37.0 54.0 52.48
37.0 54.0 50.69
37.0 54.0 53.73
37.0 54.0 54.27
37.0 54,0 53.87
37.0 54.0 50.92
37.0 54.0 50.9
37.0 54.0 52.03
37.0 54.0 56.67
37.0 54.0 54.57
37.0 54.0 53.63
37.0 54.0 53.43
37.0 54.0 54.4
37.0 54.0 49.7
37.0 54.0 51.87
37.0 54.0 54.1
37.0 54.0 50.73
37.0 54.0 54.13

deck slab dilu il Jeiall da glie b sia

S e el 46 |

——+ 44 |

| B S S [ AN (R [ o | LN St It B B s S B e e s s e e S TR T T T —L42i
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i S T e R S T

= deck slab Ll 4l biall 44 glis Jau 4ie
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W5 oY1 anlly Clisell Zo glaall Lot 53e(26.4) IS
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:Qié.n

cdiadl 8 bl (e de gaaa JS 40,8l Belyd =Xi
~Ooliaall e Jaa (S ? Gluall 2ae=n
fob WS @il (U< laall gaall ugie Glua —

BTN s oscosemmsmmrossnmsionsmmm s sossmpss s (4-2)

Jaall 43 bl cilayiall 5ol 8T = XL
Jaadl 8 Cluadl @lajedl el jaal = Xs
Pl LS Glisall illasiall Javisia (X)) s 13 =3

KISTHIN cusvs s ormmiseiinsanasiss e mmmemmeryssmass sy spsess s asssmmmnns (4-4)
: aSaall Laally Wlell kil —2

Aol Llall Zahidl oyaall ~1
o S aasy Upper Control Limit (UCLX) aSasll Ll dakiiall Le$) aalf —
UCL= X' HA2R” ssscisssivssassmmansecsnerssranssssmssmssssssnn somsommmsses (4+5)

f b WS Cauan g Upper Warning limit (UWLX) aSaall Wlall 2akasall i) aall -
UWLEXT40.667*A2*R .coosevrrrs v s vrnsesssmsssssesssssssssenesesssnenns (156

(aslsll Jasll P Aball aan e dda culs Jale) A2
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wSaall Zall Aakaidl) (saal) + 2

t b WS cawsyy Upper Control Limit (UCLX) aaall Luall dihaiall o) 0l -
LELEX"A2R oo (4+7)

t b L sy Lower Warning Limit (LWLX) aSasll Lol dahiall ) asl) -

LWLX=X"-0.667*A2*R™ ..ooomommeeeeeeeee oo (4-8)

SJ_,‘;JI‘LL_.L...':H})& ) ‘”53 ‘a..]iluﬁ ‘;'d‘ 9 :Cutx]l' r::_.\i]‘ any c.a.a_g.:\ (104)(_}3-13-“_3

CYolaall 8 deasial cul i) (10.4) Jsaa

N A2 D3 Da

2 1.880 0.000 3.267
3 1.023 0.000 2.575
4 1.729 0.000 2.282
5 0.577 0.000 2.115
6 0.483 0.000 2.004
7 0.419 0.076 1.942
8 0.373 0.136 1.864
9 0.337 0.184 1.816
10 0.368 0.223 1.777

~t bad) gaall B agal Ay A 02

OSans Aaaluy ! daleall e 33 5aldl clisall gne & @bl (R ) (sadll dhasi s
. [7]9_\:1 LS L_?-’L"“:*j‘ Ls_u.H z\.ja:va ;-L.."Zni!
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The Lower specification limit Glealsall 4 gy s Lod <l (LSL)

Qliall (Hladll Gyl (S)
Dl o bl Galaayl oMl aal Oay bl 13a e aagll sl of cum
Gl (5l Bpaia daid 54 Cp Ol (LaS Cdlay ) 28 LAY (6 Lodiad ¢ duleall

Aslhaall 335all ulaall Zad il Alayl o Jstll oSas Liag €p<] 43li L 6S>usl-Is]
ReCP>1 sSi Lasic prania Sl ¢ (lind) Sl Gins e 3)30) e disnia
o a2 Ll Al ) s Apslhadl 3gal dglenl) Al ASISYT o Lo i3
lhae Loyl ddeadl of o a4 13gd Cp=1 <l o] Ll aglhadll 535al 3l

7] llgnadl cilillaind

process capability index (cpk) rbarl] dad gyl LY i 2
(T) Target asgiadl Clicalyell ) Jgumsll el Gy Adedl AL i g,
:adlll a3 O Cagg

Cpk=min(USL -x'/3S and x - LSL 2 1) R (4412)
ol (8 Ll 159 aly (S) Standard Deviation @hadl Gbai¥) of Al p
e IS 4Gy g gy 33p0)) g Aala)

lebis o aatll 38 ulifpasy il b gidl sa widll e e gead) Sl Gl
bl e e IS ity Glaye goenad cansill jaall gluy 4 sl (bl

N-1 e Loguida bl

S



(4-2) Wlad i LS bl g2l ilua e 1

flaall gl G aSaall Sl e Gaall e 2

# ahaladll (40 Cauayy (UCLR)Upper Control Limit aSaall el ol
UCLR=DAR ....eeeee e (4-9)

# Abladl e causys Lower Control Limit (LCLR) aSasll _ssy! aal

LCLR=DBR carsmsussssssaciss o emmommeensses orsnsiamsamassaucoss (4-10)

Jis JS (& Qliadl pan e aaisy (3-4) saall e s3sale culgs ( D4.D3)
agall Cipiihae 3 o4
ey Gl 1 lgie cpe st Aulps ag Aaaliy) sasad) cildige e sl 320 aa g LS

( lialpall (ot duuill dlealt dadgial) A5lSey) yida) . 1

Potential process capability index (cp)
Clisalye (a3 o dadill 38 ) AnlY) Gdeall 58 (500 Guib Jaw e

A Y1 Zulaal) Tl il ) Zanily sane Coliaalyal) 30 il

Algiall Jd o lae baad 25 Al Clialgall Y] adl g LY aall 3, s,

- @bl Gl Gilawal 2i e Lo gusie

CP=USL-LSL/BS oot (4+11)

The upper specification limit cilialsdll b W zaae dad el (USL)
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—: Al M) e slaa Sa

s:\/Z(Xn—X‘)"ZH
N1
O Jasll e 33 4aka diiadl 308 =Xn

Jiall slual) daugll =X°

Glisall 22e =N

cp, cpk dasadl Cfpdiia o A8l 3+ 4

ek 33 50)) (Geine Ll Bagall Cilydige Ayl 23005 5 Aaluy) Gllasl) b
Oo AS L all A DA (e Lysllaall 33gall ) Jgeargl) ddanl) o & Oskalall
e S5 Calldl sagall cppdse

o= To 0 L (4-14)

(T-X'/1/2(USL-LSLIEK v, (4-15)

o 323 (4-14) B ey T=X o ims 138 il (g5l K olaall (5555 Leie: cim
(L O o) Dsiaa cpapiisall (o G S Lo JSy 55l na jdi5e laay CP=CPK

7] Dl il 5350 S
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Al P ey Cpk ¢ Cp sasall ghdise b Ay ddlasyl Jilug) alaasul,
Ay Slie 4ol (R)sadl alayf GlliSy e 9 aaad (X)) ol Lo
s g Galddl daagdl c¥sledl Pa ey Slie 9 ad gliedl ity
14.4 <13.4 <12.4 (11.4 ) Jshall mige 4 LS cpkecp sagall Grije dad

(18.4 <17.4:16.4 <15.4

L Gadaluly Gluwa dudsS Gl rag L
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- Agilanyl k) aladiul (it ) GG (g 5l gy hal E3oal (331 A0 Ul & clily Julas

P4 7w 351 Dlusild cp, cpk Basall g pdisag dgaally sl il 2Vl g (gubeaad) as giall 11-4) g2

N .
e 1 2 3 4 5 6 7 8 9 | x| s |cp| cpk
dsd) 348 | 33.9 | 361 | 366 | 30.2 | 337 | 342 | 348 | 307 | 339|22 11| 08
ALl 284 | 30.4 | 325 | 340 | 340 | 330 3375 | 36.83 | 340 | 329 |24 |1.0] 0.8
B [31.0 | 346 | 302 | 334 | 346 | 348 | 307 320 | 304 32411912 09
&l 35.5 | 34.0 | 344 | 325 | 338 | 30.2 | 29.0 | 32.0 | 32.0 | 326 | 20 | 12| 1.0
SUM 129.7 | 132.9 | 132.9 | 136.5 | 132.6 | 131.7 | 127.7 | 1356 | 127.1
X2Xi/n | 3243 | 3323 | 33.23 | 34.13 | 33.15 | 32.93 | 31.93 | 339 31.78
R 71 | 42 | 59 | 41 | 44 | 46 | 52 | 48 | 36
X“=3X°/N X'=131.8/4=232095
R= SR/N R'=4410/9=4.90
UCLx=X"+A2*'R'= 34.6 MPa LCL x=X"-A2*R’= 31.30 MPa
UWLx=X"+0.667*A2'R'= 34.0 MPa LWLx=X"-0.667*A2'R'=31.85 MPa
UCLR=D4*R'=8.80 MPa LCLR=D3*R'=0.9 MPa
USL=39.1MPa LSL=24.5 MPa
i b ra 83 gaka i o
A2=0.337 D3=0.184 D4=1.816 #0 dsad b .m,% sl
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< PYI7 ety Gl AN Ll jdl ep, cpk Bagall s sdipag ally bl Gl g alaad) b siall 12-4 Jgaa

- Sas e R B R R T e
wee
Jds 33.0 | 30.0 | 31.0 | 350 | 29.0 | 28.0 | 38.0 | 330 320 | 3211 [27]09] 09
Al 30.0 | 30.0 | 320 | 33.0 | 316 | 321 | 339 | 36.6 36.9 | 3290 [25(1.0] 009
X 33.0 | 311 | 36.1 | 33.7 | 337 | 33.7 | 315 | 339 317 | 3345 [15[15] 13
&I 34.9 | 335 | 33.7 | 348 | 339 | 361 | 366 | 302 | 337 3415 [1.8 [ 1.3 1.0
SUM | 1309 | 1246 | 132.8 | 1365 | 130.4 | 120.9 | 140.0 | 1337 134.3
X'2Xi/n |3273 |31.15]33.20 | 34.13 | 32,6 | 32.48 35.0 | 33.43 | 33.58
R 49 | 35 | 51 [ 20 | 49 [ 81 | 65 | 64 | 52
X =Y X'/N X"=132.31/4=33.08
R= YR/N R'=46.60/9=5.10
UCLx=X"+A2'R’= 34.82 MPa LCL x=X"-A2'R’= 31.38 MPa
UWLx=X"+0.667*A2'R = 34.20 MPa LWLx=X"-0.667*A2*R = 31.90 MPa
UCLR=D4*R'=9.18 MPa LCLR=D3*R'= 0.94 MPa
USL=39.1MPa LSL=24.5 MPa
A2=0,337 | D3=0.184 | D4=1.816 | (6-4) &8, Jsaadi G 53 800 e 55
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P 28 a3 (85l 5all Lilu Al cp, cpk 32sall $odsag dgaally o slaall Cil oY) g bt b gial) 13-4 Jaa

N 1 2 3 4 5 6 7 8 9 X | S |CP|cCPK
mon
ds¥i 42.0 | 40.0 | 43.0 | 43.0 [ 36.0 | 40.0 | 40.0 | 41.0 380 (3592212 24
al 35.0 | 37.0 | 40.0 | 40.0 | 39.0 | 39.0 | 41.0 | 43.0 | 400 36.0 2212 24
i 39.0 | 41.0 | 38.0 | 40.0 | 40.0 | 41.0 | 38.0 | 39.0 | 37.0 392116 1.7 3.0
&I 42.0 | 40.0 | 40.0 | 39.0 | 41.0 | 39.0 | 35.0 | 38.0 39.0 139.220({14] 2.2
SUM 158.0 | 158.0 | 161.0 | 162.0 | 156.0 [ 159.0 [ 154.0 [ 161.0 154.0
X'IXi/n | 395 | 395 | 40.3 | 405 | 39.0 39.8 | 385 | 40.3 | 385
R 70 | 40 | 50 | 40 | 50 | 50 | 6.0 | 5.0 3.0
X'=YX/N X'=150.32/4=376

R= SR/N

R=44.0/9=48

UCLx=X"+A2'R'= 39.22 MPa

LCL x=X"-A2*R’= 35.98 MPa

UWLx=X"+0.667*A2*R'=38.7 MPa

LWLx=X""-0.667*A2*R = 36.5 MPa

UCLR=D4*R'=8.72 MPa

LCLR=D3*R'=0.9 MPa

USL=52 MPa

LSL=35 MPa

A2=0.337 D3=0.184

D4=1.816

(6-4) A2, dssadl e 53gala it &t
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P92 28 pary (8 1 gAd) Al jAl cp, cpk d3gadl 5 ydigay 3gaallyg $obaall a9 beaad) Ja giall 14-4 Jgaa

i 1 2 3 4 5 6 7 8 9 | X |s|cP|cpk
mon
Js¥! 39.0 | 40.0 | 38.0 | 41.0 | 33.0 | 34.0 | 47.0 | 38.0 | 37.0 | 386 | 3.0 | 0.95 1.2
ol | 37.0 [ 37.0 | 39.0 | 40.0 | 38.0 | 37.0 | 40.0 | 450 | 350 353[28] 1.0 | 20
R 318 | 39.0 | 43.0 | 42.0 | 42.0 [ 39.0 | 43.0 | 39.6 | 43.0 | 402 | 26| 1.0 | 11
&N | 42.0 | 42.0 | 400 | 430 | 430 | 36.0 | 40.0 | 40.0 | 41.0 | 40.7 2113 ] 20
SUM__ {1500 | 160.0 | 160.0 | 166.0 | 156.0 | 146.0 [ 170.0 | 162.6 [ 156.0
X2 Xi/n | 37.5 | 40.0 | 40.0 [ 415 | 39.0 [ 36.5 | 425 | 405 | 300
R 102 | 50 | 50 [ 30 [100 ] 50 | 7.0 | 7.0 | 60
X =Y X'/N X'=154.8/4=387
R= YR/N R'=58.20 /9 = 6.50
UCLx=X"+A2'R'=40.9 MPa LCL x=X"-A2'R'= 36.5 MPa
UWLx=X"+0.667*A2*R = 40.2 MPa LWLx=X"-0.667*A2*R'= 37.2 MPa
UCLR=D4*R’= 11.8 MPa LCLR=D3*R'=1.2 MPa
USL=52 MPa LSL=35 MPa
A2=0,337 D3=0.184 D4=1.816 (6-4) o3, Jgaadl e Bigala cul g
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 Agilaayl gkl aladiuly (bl sh) EIEN 6 yilal) G phal) § g puial BaacY) dila ja alily Jalas

$32 28 ey Suac¥) Ll il cp, cpk Bagall (g gy 3gaally o il il AR (lesat) b gial) 154 gaa

N 1 2 3 4 5 6 7 8 9 X | S |CP|CPK
mon

Ja¥l 4715 | 488 | 4582 | 43.71 | 45.21 | 44.91 | 47.73 40.93 | 46.26 | 456 |23 (1.2 | 1.3
(ot 48.56 | 50.93 | 48.3 | 44.7 | 4819 | 50.4 | 44.75 | 47.41 49.78 1 48.0 |22 (1.3| 0.9

AL 47.46 | 49.5 | 49.61 | 51.41 | 48.88 | 48.36 | 46.7 | 49.0 447 148411915/ 1.0
&I 49.97 | 47.08 | 51.12 | 48.49 | 51.71 | 51.69 | 51.12 48.33 | 51.07 | 50.0 (1.7 (16| 0.8
SUM 195 | 196 | 195 | 186 | 196 [ 195 190 | 186 | 192
XoXi/n | 487 | 49 | 48.7 | 465 | 49 48.7 | 475 | 465 | 48

R 30 | 40 [ 53 | 80 | 65 | 7.0 | 64 | 81 | 64

X =3 X/N X"=192/4 = 48

R= SR/N R'=55/9=6.0
UCLx=X"+A2'R'=50.02 MPa LCL x=X"-A2*R'=46 MPa

UWLx=X"+0.667"A2°R'=49.4 MPa LWLx=X"-0.667*A2'R =46.5 MPa
UCLR=D4*R'=10.9 MPa LCLR=D3*R'=1.10 MPa
USL=54MPa LSL=37 MPa
A2=0.337 D3=0.184 D4=1.816 $20 dgsal m; ,m%r Cls
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P32 28 s Baas¥) Alu il cp, cpk 3952l Goigag d9aally (g slamall Cil 2y g erbeadl b gial) 16-4( gan

4 uanmmqmmx.u%%z
mon
Ja¥! 52.09 | 46.39 | 46.98 | 50.26 | 54.06 | 48.86 | 47.56 | 49.2 | 49.22 | 49 | 24 12 07
o | 5289 | 49.81 | 47.24 | 48.84 | 48.56 | 49.32 | 48.54 48.26 | 47.65 | 49 (1716 1.0
UGN | 46.32 | 4584 | 4491 | 4539 | 46.2 | 46.46 | 47.37 | 2817 4851 | 47 (1320 1.
&I | 4812 | 48.03 | 47.9 | 47.01 | 47.6 | 48.08 | 47.35 | 48.54 49.09 | 48 [1.0(28] 20
SUM 199 | 190 ) 187 | 192 [ 196 | 193 [ 191 | 194 | 195
XXi/n | 49.7 | 475 | 467 | 48 | 49 | 48 [ 477 | 485 48.7
R 70 | 40 | 30 [ 50 [ 80 [ 30 | 16 | 15 | 20
X =YX'/N X'=193/4=483
R= YR/N R'=35.1/9=4,0 _
UCLx=X"+A2*R'=50.0 MPa LCL x=X"-A2*R'=46.9 MPa
UWLx=X"+0.667*A2*R'=49.2 MPa LWLx=X"-0.667*A2*R"=47.4 MPa
[ UCLR=D4*R'=7.3 MPa LCLR=D3*R'=0.7 MPa
USL=54MPa LSL=37 MPa
A2=0.337 D3=0.184 D4=1.816 #0 dasad & .hv&yr sl
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- Ailaall) (3 hll aladialy (ouli h) G ¢ Gkl £ 5 il decks slabs dilu 3 iy Juda

£53 28 ey Sl Llui il cp, cpk Basall (g phisay 2saallg ¢ Jrall Gl AV g (leaadl Jaw gial) 17-4 s2a

N 1 2 3 4 5 6 7 8 9 X | S |CP|CPK
mon

Ja¥! 90.9 | 52.03 | 56.67 | 54.57 | 53.63 | 53.43 | 54.4 | 49.7 91.87 [ 53.0 |21 [1.3] 0.2
Aal 541 | 50.73 | 5413 | 53.3 | 54.2 | 54.4 | 50.43 92.7 | 54.7 | 53.2|1.6(1.8] 0.2
Cullily 52.83 | 54.57 | 51.0 | 51.47 | 49.0 | 48.07 | 53.87 93.91]50.93 | 51.7 [ 23 [1.2] 0.3
&l 5239 | 54.54 | 52.3 | 53.5 | 54.05 | 52.48 | 50.69 | 53.73 94.27 1531 (12|23 0.3
sUM 210 | 212 | 214 | 213 | 211 | 208 | 200 | 210 212
X2 Xi/n | 525 | 53.0 | 53.5 | 53.3 | 52.7 | 520 92.3 | 525 | 53.0

R 20 | 25 | 57 | 31 [ 52 | 63 | 40 | 42 | 38
X“=YX/N X"=21114 = 52.75
R= YR/N R'=36.8/9=4.0
UCLx=X"+A2"R'=54.0 MPa

LCL x=X"-A2*R'=51.4 MPa
LWLx=X"-0.667*A2"R'=51.8 MPa

UWLx=X"+0.667*A2*R'=53.6 MPa

UCLR=D4*R’=7.3 MPa LCLR=D3*R’=0.7 MPa
USL=54MPa LSL=37 MPa
A2=0.337 D3=0.184 D4=1.816 P20 Jead) A.rm....“”,uwf il g
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£.32 28 Jary bl il Al ep, cpk 525all

§ g g dgdadl g (5 jlmall il jad¥l g bl b giali 18-4J 512

UCLx=X"+A2'R'=54.3 MPa
UWLx=X"+0.667*A2*R'=53.8 MPa

1
aoﬂ o AR T S T B 9 | X |s |cp|cpk
ds¥)  [53.87 [50.92 | 50.9 | 5203 | 56,67 | 5457 53.63|53.43 | 544 153420 [1.4] 041
o | 497 5187 54.1 [50.73 | 54.13 | 509 | 5203 96.67 | 54.57 | 52.7 | 21|13 0.2
<l |51.87 [ 53.63 | 53.43 | 54.4 | 497 | 518 S0.73 | 54.13 | 53.3 | 525 1.7 [ 1.6 | 0.3
&N | 547 | 54.2 | 544 | 5043 527 | 547 [ 510 5147 | 49.0 | 525[21(13] 0.2
SUM_ | 210 | 211 [ 213 | 208 | 213 | 212 | 207 T 21z 211
X2Xi/n | 525 | 528 | 533 [ 520 | 533 | 530 | 517 53.7 | 52.7
R 0 | 33 [ 35| 40 [ 70 | 38 | 30 | 52 | 5¢

X =YX/N X'=21114=5275

R= YR/N R=404/9=45

LCL x=X"-A2*R'=51.2 MPa

LWLx=X"-0.667*A2°R'=51.7 MPa
| UCLR=D4'R'=8.2 MPa LCLR=D3*R'=0.8 MPa
USL=54MPa LSL=37 MPa
A2=0.337 D3=0.184 D4=1.816 rodsd e .mir S
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&l Jlas -5

Slaall Gijas¥) milii Jula3 1 -5

Earsar GOy saee Vs Gliall Bl s10n ais o Abadly Lbaadl Ll Pla e
c@bedl Gl ACI214-02 S 358 Ay P ey ) Gl (5Ll

fe>34.5MPa cuilS 13

AN St e (1.5) Jgaa

Overall Variation

Class of L Coefficient of variation for different control standers, %
Operation Excellent { Very good Good I Fair Poor 1
General Below 2.8 2.8t03.4 3.4t04.1 4.1t04.8 Above 4.8
construction
testing
Laboratory Below 1.4 14t01.7 17to2.1 21t02.4 Above 2.4

trail batches

Within-test variation

F Coefficient of variation for different control standers, %

trail batches

Class of ,
Operation Excellent , Very good ’ Good I Fair ) Poor ‘J
Field c?ntroI ) Below 3.0 3.0to 4_0l 40to5.0 5.0t06.0 Above 6.0
testing
Latioratery / Below2.0 | 20t03.0 | 30t040 | 4.0t050 Above 5.0

fc>34.5MPa
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fi<345MPa culS 1y o

A & ST s (2.5) U pae

Overall Variation
Class of Coefficient of variation for different control standers, %
General Below 7.0 7.0t09.0 90t011.0 | 110 to 14.0 Above 14
construction
testing
Laboratory Below 3.5 3.5to45 4.5t05.5 55t07.0 Above 7.0
trail batches
Within-test variation
Class of Coefficient of variation for different control standers, %
Field control
, Below 3.0 3.0to 4.0 40to 5.0 5.0to06.0 Above 6.0
testing
tabaatugy Below2.0 | 201030 | 30t040 | 4010 50 | Aboves.p
trail batches

fe<34.5MPa

G Ll £235 MPa aqgidl oy Wbl e (105) Jpanl s,
5 e deadll 8 gl Gl a3 e Dl saee ) 2L, vl f=37Mpa
) 1.6%) 000 zshiing all 7 yaa, SOl Gl ) iy 2.7% ) 1.5%) s £l 4l
o 1.2%) 5 ¢ saae) Bluydl ( 2.8% ¥ 1.5%) 5 ¢ a5 28 clie ) iy 3.0%
Bloall oY sdge hay L (3%-2%)cnle (Gladl Cilyasy) s Jas (2.0%
00 Lerdiiadl Lluall allis, (52e2Y1y — GOl s sasm adsal & Aadainl

- (decks slabs )LL) &l
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gl Jas ais Ty

Al Logladll o Tas Zasji culS pitadl o (18.4:19.4) Jicay) 8 o,
Ol (el Lo gia (e A il 2l ol (20.4:21.4) gy & iy i
.S‘)Jn:l.ud‘ L.;l;:!_’ lb}-tm L.'_uls:\gl.qa.]l L.Ji c..ai:: ™ Lcm_,

(cp-cpk) sasadl i se & Jilai 2 -5

T el bl L ) Al Ll TR ( cpeopk) sasall itz il

Blotllsagm b lblee (3 Lilaay) Bl Ll 520 2] ( heall sall Lila

Goilsall Blya il oY
cp=0.95,cp=1.2 IS J ¥ el @ cp=L1¢cp=0.9 i< I ol
€p=1.0,cp=1.2 IS Ul el 4y cp=1.0 cp=1.0 S S ol s
cp=1.0,cp=1.2 i€ Clll il s Cp=1.2 cp=1.5 ;< cutl gondl
cp=1.3,cp=1.4 oIS al)ll el ¢ CP=1.3 cp=1.2 o< &l o] b

saee ) Blus gl Lt
cp=1.6 ,cp=1.3.< SGl el iy Cp=1.2,cp=1.2 oI J¥I el Y
cp=2.8 ,cp=1.6.)\< &) el 9 cp=1.3 ,cp=1.5.\< &) el s

decks slabs sl s il Ak

cp=1.3,cp=1.80S Sl el i, cp=1.4,cp=1.3 LIS Js¥) jell iy
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Cp=1.3 ,cp=2.3 i< D el s Cp=1.6,cp=1.2< &) el s

2 dinn Lglhall 534l duleal) adgidl Zulay)

Q5SS Op<I < Loie 4y iy
ol e 1368 OP>] (5% Lasie Teva uSal

ly ¢(lgiunal) Cildlia 3o e 5003)

Basall Baias 4 ey Y] Llealsnnn 4yl Basall Zulaall 2ad g Aul€yl

(sl
- gl Gl 23, Lol Ll of Ll ag. 13 cp=1 ulS I3 Ldf

Basal) @adad b cians 4aliiy) Llal) of = Ju g ep>] o el (Gaw Lagg

(4-14) Alad) (e P, Cpk Bagall Cilydise oy AN (a9

Cpk=cp(l-k).................... N T reeeeeees (4-14)

s

O &8) Dtem 08sdl G 3l IS Lo S, 5140l s bl by CP=CPK f aas

Jaadl il 534 wilS(1 o

“waill 3ias Lasl 3.5
Alasyl dilugll lazinl e ol U G e syl il Pla o,
Jilugll oy Sllyy asluyall daoglia 3oga P (o Caalu 5agall Emida A dhiadl,

» Aljadl 334 Ll Saall sl Glilee & Opmdigall 22 LG 4dlasyl
clie mill ¢ dujd cils (30 ~@) adsd clia L o muan diis,

(decks slabs) s &ialll €.
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