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Composition of Cement CSS -\

« Lime Calcum Oxide (CaO) = 60~ 65% (63%) C S Y
= Silica (S10,) = 20 - 25% (22%) 29 —

« Aluminum Oxide - 4 - B% (6%)

- Iron Oxide - 2-4%(3%) C3A i
 Magnosium Oxide =1=-3%

» Gypsum 110 4%
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;TABLE 1 Performance Requirements for Mixing Water

: Limits
Compressive strength, min % control at 90
7 days?
Time of setting, deviation from control, From 1:00
h: min? earlier to 1:30
later
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TABLE 2 Optional Chemical Limits for Combined Mixlng{ater

Limits
Maximum concentration in combined mixing water, ppm#
A. Chloride as CI, ppm
1 in prestressed concrete, bridge decks, or otherwise designated 500¢
2  other reinforced concrete in moist environments or containing aluminum 1000¢
embedments or dissimilar metals or with stay-in-place galvanized metal
forms
B. Sulfate as SO, ppm 3000
C. Alkalies as (Na,O + 0.658 K.0), ppm 600

D. Total solids by mass, ppm 50 000
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Table 3.1—Principal sources of strength variation

Batch-to-batch variations

Within-batch variations

Variations in characteristics and

proportions of ingredients:

* Aggregates;

« Cementitious materials, including
pozzolans; and

*  Admixtures.

Changes in wicm caused by:

* Poor control of water;

* Variation of aggregate stockpile
moisture conditions;

* Variable aggregate moisture
measurements; and

* Retempering.

Variations in mixing, transporting,

and sampling:

« Mixing time and speed;

+ Distance between plant and
lacement;

* Road conditions; and

* Failure to obtain a representative
sample from the batch.

» Seasof ° /
*  Ambient @ugfidity: and -
* Winds s /

Improper sampling from the batch
sample.

Variations due to fabrication

techniques:

* Substandard conditions;

+ Incorrect tools:

* Poor quality, damaged, or
distorted molds;

» Nonstandard molding and
consolidation: and

* Incorrect handling of fresh test
samples.

Differences in curing:

Delays in beginning initial curing;

Temperature variation;

Variable moisture control;

Nonstandard initial curing;

Delays in bringing cylinders to

the laboratory:

* Rough handling of cylinders in
transport; and

= Improper final curing.

)

Variations in sample testing:

» Uncertified tester;

= Specimen surface preparation;

= Inadequate or uncalibrated testing
equipment;

« Nonstandard loading rate; and

* Poor record keeping.

R 4

Number of Tests

2030 2530 3030 35306 4030 4530
L n=46 _ @24.0 Mpﬂo psi)
15 4 (5 9321 MPa (465 psi) ,
V=133% 95.45%
: 26 pe 26 :
: | /"
: : 68.27% : :
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1450 2450 3450 4450 5450 6450

o = 2.3 MPa (330 psi)

¢ = 3.9 MPa (570 psi)

6 = 5.5 MPa (800 psi)

300 350

fcfr — fc' * ZOo




ﬁ:’r = fc’ + zo

Average | Expected percentage Average Expected percentage
strength Lt of low tests strength 1 of low tests
£/ +0.10c 46.0 fl +1.60 (55)
f! +0.200 42.1 fl +17c 3
f! +0.300 38.2 fi+18c 3.6
fi +0.40c 345 fi+19c 2.9
fe +0.50c 30.9 fe +2.0c 2.3
fe +0.60c 274 fe +2.1c 1.8
f¢ +0.706 24.2 fe +2.26
£ +0.80c 21.2 fl+236 (11)
Iz +‘0.9Gc 184 fl +24c
. 15.9 fl+25¢ 0.6
% 1.1 136 fl +2.60 0.45
&L fe +2.7¢ 0.35
4 i +28¢ 0.25
fe +29¢ 0.19
fi +3.0c 0.13
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Table 3.2—Standards of concrete contro

Overall variation

Class of Standard deviation for different control standards, MPa (psi)
operation | Excellent | Very good Good Fair Poor
coenerdl | Bolow 2.8 | 281034 | 341041 | 4110438 | Above 48
testing (below 400){(400 to 500){(500 to 600)[(600 to 700)|(above 700)
Laboratory | Below 1.4 | 14t01.7 | 1.7t02.1 | 2.1t024 | Above 2.4
trial batches |(below 200)|(200 to 250) (250 to 300)|(300 to 350)|(above 350)
Within-test variation
P Coefficient of variation for different control standards, %
operation | Excellent | Very good | Good Fair Poor
s oor | Below 3.0 | 301040 [ 401050 | 501060 | Above 6.0
Laboratory
trial Below 2.0 | 2.0t03.0 | 3.0t04.0 | 40105.0 | Above 5.0
batches

*f < 34.5 MPa (5000 psi).




Table 3.3—Standards of concrete control*

>
£

afmpnd g ul) il
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Overall variation

Coefficient of variation for different control standards,%

Class of
operation

Excellent

Very good

Good

Fair

Poor

General
construction
testing

Below 7.0

7.0t09.0

9.0t 11.0

11.0to 14.0

Above 14.0

Laboratory
trial batches

Below 3.5

351045

45105.5

551070

Above 7.0

Within-test variation

CoefTicient of variatio

n for different control standards. %

c1sop
crati Excellent | Very good | Good Fair Poor
%"‘?“‘ lqw 3.0 | 3.0104.0 [ 40105.0 | 5.0106.0 | Above 6.0
tro n &’
e Belm% 201030 301040 | 401050 | Above 50

Criterion 1

Criterion 2

Criterion 3"

e . +
Criterion 4

Maximum percent of

Maximum percent of

Maximum percent of moving
average of n consecutive tests < f/

Maximum percent of individual
tests < ( fI=Kk)

individual tests < (k% of [!)

individual tests < f!
Coefficient of variation formula | f, =1 /(1-2V) I =i =zVidn) f& ==kl -zV) f& =k =2V)
Equation number (5-1a) (5-2a) (5-3a) {5-4a)
Standard deviation formula Jor=fi vz for=fi+ (a5l fn) for=(fi-k)+zs for =kfi+zs
Equation number (5-1b) (5-2b) (5-3b) (5-db)

"Criterion 3 is for f < S000 psi (35 MPa).
'Criterion 4 is for £ > 5000 psi (35 MPa).
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£
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b 10 S ibT b lo —F

Criterion 1 Criterion 2 Criterion 3" Criterion 4
Maximum percent of |  Maximum percent of moving | Maximum percent of individual Maximum percent of
individual tests < f |average of n consecutive tests < f tests < ( fI=Kk) individual tests < (k% of [!)
Coefficient of variation formula | f, =f2/(1-2V) =1 =2Vidn) Sfor = (=M1 =2V) for =kf2H0 =2V)
Equation number (5-1a) (5-2a) (5-3a) (5-d4a)
Standard deviation formula I =R+ for=fi+ (a5l fn) for=(fi-k)+zs for =kfi+zs
Equation number (5-1b) (5-2b) (5-3b) (5-db)

“Criterion 3 is for f < 5000 psi (35 MPa).
'Criterion 4 is for f7 > S000 psi (35 MPa).

Jer =J + o

£ =4000/(1 — 13
Ui =28/(1 - 1.28 x 0s4

[y =4000 psi + 1.28 x 519 psi = 4660 psi
[fer =28 MPa + 1.28 x (3.58) MPa = 32.6 MPa]

N
Coglio b i &S

afmpnd g ul) il
afmpad g hme ) Dbl 2,0

..
/)
Criterion 1 Criterion 2 Criterion 3" Criterion 4
Maximum percent of |  Maximum percent of moving | Maximum percent of individual Maximum percent of
individual tests < f |average of n consecutive tests < f tests < ( fI=Kk) individual tests < (k% of [!)
Coefficient of variation formula | f, =f2/(1-2V) =1 =2Vidn) Sfor = (=M1 =2V) for =kf2H0 =2V)
Equation number (5-1a) {5-2a) (5-3a) {5-4a)
Standard deviation formula I =R+ for=fi+ (a5l fn) for=(fi-k)+zs for =kfi+zs
Equation number (5-1b) (5-2b) (5-3b) (5-db)
“Criterion 3 is for f < 5000 psi (35 MPa).
'Criterion 4 is for f7 > S000 psi (35 MPa).
RSN
Tt = ) Jo =1 + 28l
£.2 =4000 psi/[1 —(2.33 x 0.105/./3 )] = 4660 psi fér =4000 psi + [(2.33 x 519 psi)/ /3 )] = 4700 psi

[fey =28 MPa/|1 - (2.33 x 10.5/100/./3 )] = 32.6 MPa] fér =28 MPa +[(2.33 x 3.58 MPa)/./3)] = 32.8 MPa
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Criterion 1 Criterion 2 Criterion 3" Criterion 4
Maximum percent of |  Maximum percent of moving | Maximum percent of individual Maximum percent of
individual tests < f |average of n consecutive tests < f tests < ( fI=Kk) individual tests < (k% of [!)
Coefficient of variation formula | f, =f2/(1-2V) =1 =2Vidn) Sfor = (=M1 =2V) Sl =kf2 I =2
Equation number (5-1a) (5-2a) (5-3a) (5-d4a)
Standard deviation formula I =R+ for=fi+ (a5l fn) for=(fi-k)+zs for =kfi+zs
Equation number (5-1b) (5-2b) (5-3b) (5-4b)

“Criterion 3 is for f < 5000 psi (35 MPa).
'Criterion 4 is for f7 > S000 psi (35 MPa).

oy )
fo =~ +zs
£ = (4000 psi - 3 = 4630 psi o = (4000 psi — 500 psi) + (2.33 x 519 psi) = 4710 psi
[,Q',=(28MP:1—3.5MP:.)!|E—[_ 1“’4MP1| [fc, (28 MPa — 3.5 MPa) + (2.33 x 3.58 MPa) = 32.8 MPa]

’/
'@.,. S/
<Y

%

£

afmpnd g ul) il
afmpad g hme ) Dbl 2,0
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Criterion 1 Criterion 2 Criterion 3" Criterion 4
Maximum percent of |  Maximum percent of moving | Maximum percent of individual Maximum percent of
individual tests < f |average of n consecutive tests < f tests < ( fI=Kk) individual tests < (k% of [!)
Coefficient of variation formula | f, =f2/(1-2V) =1 =2Vidn) Sfor = (=M1 =2V) Sl =kf2 I =2
Equation number (5-1a) {5-2a) (5-3a) {5-4a)
Standard deviation formula I =R+ for=fi+ (a5l fn) for=(fi-k)+zs for =kfi+zs
Equation number (5-1b) (5-2b) (5-3b) (5-db)
“Criterion 3 is for f < 5000 psi (35 MPa).
'Criterion 4 is for f7 > S000 psi (35 MPa).
S )d \
L =090 % f/(1 Q Jof =090 % f' +25
[ =1(0.90 x 9000 psi)y/[1 —(2.33 x 0.082)] = 10.010 psi Ser =0.90 x 9000 psi +

2.33 x 814 psi = 10,000 psi
[fir = (0.90 x 62 MPa)/[1 —(2.33 x 8.2/100)] = 69 MPa] [fer =1(0.90 x 62 MPa) + (2.33 x 5.61 MPa) = 68.9 MPa]|
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Table 4.1—Modification factors for standard

deviation
Number of tests Modification factors
Less than 15 See Table 4.2
15 1.16
20 1.08
25 1.03
30 or more 1.00
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200

% 2675
g 150 2175
%/l i
é Required Average Strergh, e Moving average for strength w75
g w0 . ) \ i i ; i Each poi the average strength of
(3 . . . . . five previous test resuls 4175
250 . i . i Y i . . . . 3675
: : . : 3175
200
2675

15.0 " " . i : . : . . . . 2175




50
: ) Chart for individual strength tests .
ured Average Strength, [ I 1
e ] I / i ] Average of two cylinders 4675
30.0 :
i L 4175
25.0 ) 1 3675
1 3175
d': 20,0 - s T
= Specified Strength, [, + 2675
- o
= Required Strength= [ + 1o .
g 15.0 : ' — - - ; : ' - 2175
g 35.0 &
Z Required Average Strength, f e Moving average for s(lengtlj . . | P
E— 30.0 - ) i y Each point represents the average strength of
E five previous test resuls T 4175
U . P
250 A . i 1 3675
+ 3175
20.0 1
T 2675
15.0 - 2175
o
@
..
4.0
500
30
i I 400
&
& 20 o
=]
&
- 200
1.0
100
Average range for two cylinders = 0.0564 [, . ' . ) . .
0.0 + - + - - r - - - - - 0

0 4 8 12 16 20 24 28 32 36 40 44 48
Sample Numbers

R, =1l Vid,




R—n; = fc'r vldﬁ

No. of specimens
2 (. 128
3 17693
4 2.059

Within-test variation

Class of

Coefficient of variation for different control standards, %

operation | Excellent | Very good | Good Fair Poor

Field con-

trol testing Below 3.0 | 3.0t04.0 ((4.0105.0) 5.0106.0 | Above 6.0

e —

Below 2.0 | 20t03.0 | 3.0t04.0 | 4010 5.0 | Above 5.0

Range, psi

4.0

3.0

2.0 1

0.0

Average range for two cylinders = 0.0564 [,

0 4 8 12 16

20 24 28 32 36 40 44
Sample Numbers

R, =1, Vid,

R,, =(0.05 x 1.128) f.;. = 0.05640f’,

48
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Table 5.1—Probability of at least one event in n
tests for selected single-event probabilities

Single event probability = 1.5% | Single event probability = 10%

[ 1.5% 10.0%
PN 4L0%
(7) Qo 0% (54.3%)

14.0% 6>T%

\ro’
A 26.1% 87.8%
y 53.0% 99.5%
o 17.9% Approximately 100%
«Q‘o 4@ ek

*ls win < fe — 3.5
%%,

R,
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