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، و 22، 7، 3البورتلاندي فً أعمار  تنموذج رٌاضً لتخمٌن نسبة الجبس المثلى للسمن اقاشتم تم     

للحصول على هذا النموذج الدراسة الحالٌة لسمت مماومة انضغاط لصوى.  تٌوم، الذي ٌمنح السمن 60

 إلى جزءٌن:

هذا النموذج هو  وذلن لان ندي.تطوٌر نموذج إحصائً لتخمٌن مماومة الانضغاط للسمنت البورتلا .1
 .تالأساس لتطوٌر نموذج نسبة الجبس المثلى للسمن

( من عٌنات 40) مستند على بنً باستخدام تحلٌل الانحدار و إن نموذج تخمٌن مماومة الانضغاط      

( 26سمنت هندي، و سمنت كوٌتً. ) سمنت عرالٌة مختلفة،( معامل 7السمنت المختلفة مأخوذة من )

( عٌنة الاخرى كانت سمنت بورتلاندي مماوم 14)الـ  بٌنما العٌنات كانت سمنت بورتلاندي اعتٌاديمن 

 للكبرٌتات.

لتحسٌن دلة تخمٌن مماومة الانضغاط، تم توجٌه الاهتمام نحو الاختٌار الصحٌح للمتغٌرات      

 هً هذه المتغٌرات(. 16عدد المتغٌرات غٌر المعتمدة المدروسة كان )المستخدمة فً هذا النموذج. 

(C3S, C2S, C3A, C4AF)،  النعومة )مماسة بطرٌمة(Blaine ، الاكاسٌد الثانوٌةMgO الجٌر الحر،

free CaO ،SO3 والمتغٌرات التً ٌحصل علٌها من التحلٌل الكٌمٌائً للسمنت مثل معامل السلٌكا ،

(SM) نسبة الالومٌنا ،(AR)،  الإٌمادالفمدان أثناء (LOI)، فات غٌر الذائبة المخل(IR) ،الإشباعمعامل و 

زمن التصلب الابتدائً و النهائً و فحص الثبات )معبراَ عنه بطرٌمة  بالإضافة إلى .(LSF) الجٌري

   حمم المائً(مال

محاولات جادة تمت لإدخال المتغٌرات فً مجامٌع مختلفة لاختبار المتغٌرات التً لها تأثٌر أكثر      

  إنجاز الشكل النهائً للنموذج الممترح.نضغاط، حتى تمٌز على مماومة الا

وذلن بفحص  مختلفةتم اختبار صلاحٌة النموذج الممترح لتخمٌن مماومة الانضغاط فً أعمار      

للنموذج تم عمل ممارنة  كذلن .ٌوم 60، و22، 21، 14، 7، 3، 1،2خمس عٌنات من السمنت بأعمار 

. لمد وجد إن النموذج الممترح ٌعطً نتائج باستخدام بٌانات أخرى )غٌر المستحصلة فً الدراسة الحالٌة(

  وهذا ٌشٌر إلى الاختٌار الصحٌح لشكل النموذج و المتغٌرات المستخدمة فً النموذج.جٌدة 

ا ٌتضمن النموذج جمٌع )عندم تخمٌن مماومة الانضغاط معامل الارتباط للصٌغة النهائٌة لنموذج     

(، لٌمة الخطأ المٌاسً 0.0066ان)المتغٌرات مع اعتبار زمن الفحص متغٌر غٌر معتمد اساسً( ك

 .(.2MPa±، و الاختلاف بٌن المماومة الحمٌمٌة و المخمنة كانت )(0.2014( كانت



الجبس المثلى نسبة  ، وصٌاغة الشكل النهائً للنموذج الممترح لتخمٌنصٌاغة مشكلة تحمٌك الأمثلٌة .2
 للسمنت.

رٌاضً على  اشتماقطبٌك مفهوم ت استعمالعلى  الحصول هو الشًء الأكثر أهمٌة فً هذه الدراسة     

نموذج تخمٌن مماومة على   طرٌمة تحمٌك الأمثلٌة الكلاسٌكٌة. تمت المحاولة لتطبٌك النماذج الإحصائٌة

الاشتماق الرٌاضً  إننضغاط. لمد وجد التً تزٌد مماومة الا SO3%الانضغاط للحصول على لٌمة 

 لكنه ٌعطً نتائج .النموذج الإحصائً دالة للزمن ٌكون عندما ٌعطً نتائج جٌدةلا  للنموذج الإحصائً

. انه من غٌر الممكن بناء نموذج لكل عمر لذا تم اختٌار عند استعمال نموذج خاص لكل عمرجٌدة 

 ٌوم. 60، و 22، 7، 3ومة الانضغاط وهذه الاعمار هً أربعة أعمارلبناء نموذج لكل منها لتخمٌن مما

لمد وجد  من بحث آخر. أخذت بٌانات تجرٌبٌة موثولة باستعمال تفحص الاشتماقصلاحٌة مثل هذا      

 مترح لرٌبة من المٌم الفعلٌة.إن نسبة الجبس المثلى المحسوبة من النموذج الم

و زمن التصاب الابتدائً  فحص الثبات، ،C3S ،C2S ،C3A ،C4AFكذلن وجد إن نعومة السمنت،      

  للسمنت. نسبة الجبس المثلىو النهائً هً العوامل الرئٌسٌة فً نموذج تخمٌن 

 

 

      

      

     A mathematical model is driven to predict the Optimum Gypsum Content 

(O.G.C.) of Portland cement at ages of 3, 7, 22, and 60 days, which imparts the 

cement maximum compressive strength. To obtain such model the present 

study is divided into two parts: 

1. Development of statistical model for prediction of compressive strength of 
Portland cement. The reason is that such model is the basis to development 
of the O.G.C. model of cement. 

     The compressive strength prediction model was built by using regression 

analysis and based on (40) different cement samples taken from (7) different 

Iraqi cement factories, Indian cement, and Kuwaiti cement. (26) of the samples 

were ordinary Portland cement while the other (14) samples were sulphate 

resisting Portland cement.  

     To improve the accuracy of the compressive strength prediction, attention 

has been drawn towards right selection of the variables which are used in this 

model. The number of the studied independent variables was (16). These 

variables are C3S, C2S, C3A, C4AF, fineness (in terms of Blaine specific surface), 



the minor oxides MgO, free CaO, SO3, and the variables obtained from the 

chemical analysis of cement like silica modulus (SM), alumina ratio (AR), loss 

on ignition (LOI), insoluble residue (IR), and lime saturation factor (LSF), in 

addition to initial and final setting time, and unsoundness (in terms of 

autoclave expansion).  

     Serious attempts were made to introduce the variables in various 

combinations to examine the variables which have the most significant effect 

on the compressive strength, until attaining the final form of the proposed 

model.  

     The validity of the proposed model to predict the compressive strength at 

various ages was checked by using five cement samples tested at ages of 1, 2, 

3, 7, 14, 21, 22, and 60 days. A comparison of the present model using other 

data (other than those obtained in the present study) was made. It was found 

that the proposed model yields good results and refers to the right selection of 

the model form and of the variables used in the model.  

     The correlation coefficient of the final form of the compressive strength 

prediction model (i.e when all variables are included in the model and taking 

time of testing (t) as the main independent variable) was (0.0066), the value of 

the standard error was (0.2014), and the difference between the observed and 

the predicted strength was (±2 MPa.). 

  

2. Formulation of the optimization problem, and formulation of the final form 
of the proposed model for predicting O.G.C. of cement. 

     The most important thing in this study is to get use of the concept of 

applying mathematical derivation on statistical models. An attempt is made to 

apply Classical Optimization Method on the compressive strength prediction 

model to obtain the SO3% value that maximize the compressive strength. It 

was found that the mathematical derivation of the statistical model does not 

yield good results when the statistical model is a function of time. But it yields 

good results when a special model is used for each age. It is impossible to 

produce a model for each age, hence, four ages were selected to build a model 

for each one of them to predict compressive strength. These ages are 3, 7, 22, 

and 60 days.  



     The validity of such derivation was examined by using reliable available 

experimental data from other research. It was found that the calculated O.G.C. 

from the proposed model is close to the actual value of the O.G.C. 

    The fineness of cement, C3S, C2S, C3A, C4AF, unsoundness, initial setting time, 

and final setting time are the major factors in O.G.C. prediction model. 
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     Most of common symbols are listed below; others are defined where they 

appear in the research. 

 

Symbol Description 

O.G.C. 

O.P.C. 

S.R.P.C. 

EEF 

DEF 

ƒ(t) 

Ss 

LOI 

IR 

LSF 

SM 

AR 

IST 

FST 

R 

S.E. 

df 

 

C.E.B. 

Optimum Gypsum Content. 

Ordinary Portland Cement. 

Sulphate Resisting Portland Cement. 

Early Ettringite Formation 

Delayed Ettringite Formation 

Compressive Strength at Time (t). 

Specific Surface Area of Cement. 

Loss on Ignition. 

Insoluble Residue. 

Lime Saturation Factor. 

Silica Modulus. 

Alumina Ratio. 

Initial Setting Time. 

Final Setting Time. 

Correlation Coefficient. 

Standard Error. 

Difference between the actual and  

predicted strength 

Consultant Engineering Bureau  
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Table (A-8) Properties of Ordinary Portland  Cements form Data Obtained by Consultant 

Engineering Bureau in University of Babylon (for The Period between 7000-7002) 



 

No. C2S% C7S% C2A% C2AF% MgO% SO2% 
Free 

CaO% 

Ss 
(Blaine) 
(m

7
/kg) 

L.O.I.% IR% L.S.F.% AR SM 
IST 

(min) 
FST 

(min) 
ƒ2 

(MPa) 
ƒ2 

(MPa) 

8 33.43 35.21 0.12 11.2 4.56 2.12 0.72 320 2.02 0.75 0.26 1.60 2.32 00 240 23.5 32.1 

7 22.42 32.25 11.33 0.73 4.1 2.22 0.75 300 2.07 0.51 0.26 1.07 2.12 120 225 20.5 20 

2 34.55 34.31 7.07 11.10 4.4 2.11 0.05 320 2.74 0.42 0.26 1.45 2.33 120 240 23 22.2 

2 24.05 43.1 10.56 0.02 2.03 2.6 1.20 342 2.43 0.64 0.24 1.25 2.3 20 105 17 24.1 

5 37.06 20.67 10.00 0.40 4.26 2.32 0.72 325 3.45 0.36 0.20 1.26 0.24 120 225 22.3 22.5 

6 27.27 30.23 12.21 0.40 3.03 2.64 0.20 320 2.07 0.47 0.25 2.11 2.14 00 105 23.2 22.2 

2 41.62 27.73 2.45 0.26 4.62 2.5 0.72 325 2.30 0.23 0.20 1.62 2.43 25 200 21 22.4 

1 24.62 44.27 0.20 0.02 2.62 2.75 0.20 450 3.30 0.57 0.23 1.7 2.46 50 160 20 31.2 

9 36.27 31.12 10.46 0.5 4.4 2.34 0.61 364 3.32 0.55 0.22 1.0 2.25 120 240 23 32 

80 34.63 34.14 10.12 0.25 4.56 2.24 0.67 330 2.7 0.2 0.27 1.20 2.32 110 230 26.3 32.2 

88 42.54 26.62 2.35 0.26 3.07 2.10 0.72 356 3.27 0.46 0.0 1.61 2.42 150 270 20 20 

87 26.27 41.3 12.44 0.73 2.7 2.62 1.12 330 1.12 0.06 0.25 2.1 2.14 00 200 17 23.2 

82 26.13 41.64 11.02 0.25 4.25 2.45 0.72 332 1.20 0.62 0.24 2 2.34 130 100 10.2 27.5 

82 37.06 32.42 0.20 0.02 2.73 2.71 1.62 301 1.2 0.51 0.20 1.7 2.37 135 200 12.3 24 

85 30.62 30.64 0.75 0.25 3.0 2.25 0.72 320 1.23 0.37 0.25 1.25 2.35 25 260 12.1 26 

86 30.26 32.07 0.35 0.5 4.75 2.53 0.67 334 2.22 0.35 0.25 1.77 2.5 140 205 21 27 

82 43.17 22.27 7.06 10.23 3.62 2.25 0.61 320 1.76 0.41 0.20 1.32 2.5 100 120 25 32.5 

81 32.26 30.37 2.42 10.1 4.36 2.44 0.67 220 2.27 0.5 0.22 1.6 2.41 150 240 10 20.1 

89 42.45 27.53 2.24 0.26 2.24 2.33 0.67 325 2.21 0.55 0.20 1.6 2.74 110 120 10.6 20 

70 37.75 31.1 0.06 10.1 3.65 2.26 0.24 315 2.13 0.5 0.22 1.77 2.26 120 100 22 20.5 

78 33.61 35.36 11.21 0.26 3.16 2.32 0.72 320 1.43 0.42 0.27 1.04 2.22 110 170 20.2 22 

77 34.40 33.04 11.12 0.25 4.73 2.25 0.56 334 2.35 0.24 0.27 2.02 2.24 100 125 21.5 20 

72 37.27 31.21 10.35 0.40 3.24 2.22 0.67 332 1.25 0.6 0.22 1.20 2.33 105 175 21 20 

72 32.23 33.2 5.42 12.53 3.66 2.1 0.72 315 1.22 0.61 0.26 1.14 2.47 110 170 25.7 31 

 

Continue Table ( A-8) 

 

N
o. 

C2S
% 

C7S
% 

C2A
% 

C2A
F% 

Mg
O% 

SO

2% 

Fre
e 

Ca
O% 

Ss 
(Blai
ne) 
(m

7
/

kg) 

L.O.
I% 

IR
% 

L.S.
F% 

AR 
S
M 

IST 
(mi
n) 

FS
T 

(mi
n) 

ƒ2 

(M
Pa) 

ƒ2 
(M
Pa) 

7
5 

34.
26 

33.
4 

10.
30 

0.6
1 

4.2
1 

2.2
5 

0.7
2 

334 
2.1
7 

0.
45 

0.2
7 

1.
22 

2.
22 

00 
15
5 

20 22 

7
6 

41.
2 

27.
60 

0.2 
10.
50 

3.1
1 

2.0
5 

0.7
2 

364 
2.6
5 

0.
43 

0.0 
1.
7 

2.
12 

11
5 

17
5 

24.
1 

33.
3 

7
2 

36.
12 

32.
5 

10.
25 

0.2
6 

3.0
7 

2.3
1 

0.6
7 

300 
1.7
5 

0.
31 

0.2
7 

1.
2 

2.
27 

10
0 

16
0 

10.
7 

27.
7 

7
1 

30.
74 

30.
62 

7.2
0 

10.
50 

3.7
5 

2.2
2 

0.7
2 

347 
1.0
3 

0.
25 

0.2
2 

1.
40 

2.
43 

00 
15
5 

23.
5 

22.
3 

7
9 

32.
16 

20.
64 

11.
42 

0.3
7 

4.0
5 

2.4 
0.7
2 

315 
1.6
1 

0.
42 

0.2
0 

2.
04 

2.
17 

10
5 

12
0 

20.
3 

22.
0 

2
0 

27.
42 

32.
37 

13.
27 

0.4
0 

4.4
2 

2.3
1 

0.6
7 

315 
1.0
1 

0.
57 

0.2
6 

2.
24 

2.
03 

05 
16
0 

10.
7 

27.
7 

2
8 

37.
27 

31.
21 

10.
35 

0.4
0 

3.2
4 

2.2
2 

0.6
7 

332 
1.2
5 

0.
6 

0.2
2 

1.
20 

2.
33 

10
5 

17
5 

21 20 

2
7 

32.
74 

30.
52 

0.3
2 

0.7
3 

4.1 
2.3
1 

0.7
2 

275 
2.1
1 

0.
32 

0.2
2 

1.
73 

2.
32 

11
0 

20
0 

10.
5 

27.
5 

2 36. 33. 7.2 11. 3.7 2.2 0.2 343 2.2 0. 0.2 1. 2. 20 15 10. 22.



2 21 24 2 2 1 3 4 7 23 7 32 42 0 2 5 

2
2 

35.
24 

32.
13 

0.6
7 

0.2
6 

4.5
5 

2.3
5 

0.7
2 

325 
2.3
5 

0.
20 

0.2
2 

1.
76 

2.
3 

05 
12
5 

10 
27.
2 

2
5 

22.
20 

40.
47 

0.2
4 

2.2
2 

3.2
5 

2 
1.0
6 

325 
2.2
1 

0.
61 

0.2
5 

1.
01 

2.
55 

14
0 

24
0 

21.
2 

27.
5 

2
6 

26.
05 

30 
14.
52 

0.6
1 

3.2
7 

2.4
2 

0.2
0 

301 
1.7
2 

0.
43 

0.2
6 

2.
32 

1.
01 

10
0 

10
5 

21.
6 

22 

2
2 

36.
02 

32.
01 

0.2
2 

0.4
0 

4.2
5 

2.3
1 

0.7
2 

302 
2.1
4 

0.
51 

0.2
7 

1.
22 

2.
37 

11
0 

10
0 

23.
2 

20.
0 

2
1 

32.
43 

30.
20 

2.7
2 

11.
07 

3.6
7 

2.3
5 

0.7
2 

310 
2.1
1 

0.
5 

0.2
2 

1.
55 

2.
23 

25 
17
5 

22.
1 

20 

2
9 

37.
76 

32.
74 

6.7 
11.
2 

3.2
5 

2.3
1 

0.7
2 

330 
3.5
3 

0.
63 

0.2
6 

1.
22 

2.
61 

11
0 

21
0 

22.
4 

30.
3 

2
0 

31.
40 

36.
73 

0.0
7 

0.0
2 

4.3
5 

2.5
3 

0.2
4 

320.
4 

2.7
7 

0.
4 

0.2
5 

1.
62 

2.
30 

00 
16
0 

10.
6 

27.
0 

2
8 

35.
07 

33.
75 

10.
15 

0.2
6 

3.4
3 

2.3
5 

0.7
2 

315.
3 

2.2
3 

0.
55 

0.2
7 

1.
22 

2.
3 

10
0 

16
0 

21.
6 

22.
3 

2
7 

32.
55 

31.
27 

7.2
5 

11.
07 

4.2
0 

2.1
3 

0.7
2 

332.
4 

1.7
2 

0.
51 

0.2
7 

1.
30 

2.
44 

10
5 

17
0 

20.
3 

22 

2
2 

51.
4 

20.
45 

0.7
4 

0.2
2 

2.2
0 

2.0
5 

0.0
5 

300 
1.5
1 

0.
31 

0.0
3 

1.
20 

2.
44 

11
0 

22
0 

20.
5 

22 

2
2 

42.
36 

27.
62 

7.6
5 

10.
34 

3.0
5 

2.2
5 

0.7
2 

225 
2.7
7 

0.
4 

0.2
0 

1.
40 

2.
45 

10
5 

21
0 

21.
3 

22.
6 

2
5 

41.
16 

30.
10 

2.3
7 

2.7
6 

3.6
5 

2.2
7 

0.7
2 

301 
2.2
5 

0.
33 

0.2
2 

1.
73 

2.
71 

11
0 

22
0 

22.
0 

31 

2
6 

37.
01 

34.
06 

6.3
2 

11.
2 

3.4
5 

2.3
1 

0.7
2 

205 
2.3
3 

0.
4 

0.2
6 

1.
20 

2.
52 

12
0 

24
0 

22 
30.
5 

2
2 

42.
22 

24.
12 

7.5
2 

2.7
6 

2.6
1 

1.0
5 

1.0
6 

225.
2 

3.5
1 

0.
72 

0.0
1 

1.
63 

2.
70 

12
5 

24
5 

12.
5 

27 

2
1 

43.
12 

27.
06 

6.4
0 

0.2
6 

4.1 
2.3
2 

0.2
4 

270.
0 

3.7
7 

0.
45 

0.2
0 

1.
30 

2.
62 

13
5 

25
5 

23 30 

 

 

Continue Table ( A-8) 

 

No. C2S% C7S% C2A% C2AF% MgO% SO2% 
Free 

CaO% 

Ss 
(Blaine) 
(m

7
/kg) 

L.O.I.% IR% L.S.F.% AR SM 
IST 

(min) 
FST 

(min) 
ƒ2 

(MPa) 
ƒ2 

(MPa) 

29 30.15 30.06 7.64 0.61 3.05 2.25 0.72 200.5 3.42 0.61 0.22 1.55 2.61 120 240 22.31 22.5 

50 37.76 32.74 6.7 11.2 3.25 2.31 0.51 330 3.53 0.63 0.26 1.22 2.61 110 210 22.4 30.3 

58 37.26 31.30 11.35 0.12 4.11 2.32 0.62 310.0 2 0.65 0.22 2.06 2.25 100 105 22.3 30 

57 40.64 30.13 6.61 12.11 3.75 2.30 0.2 300.1 1.75 0.61 0.27 1.26 2.35 125 235 22.2 20.5 

52 33.22 35.52 6.74 12.17 4.10 2.21 0.45 323.4 1.23 1.3 0.27 1.27 2.3 110 125 20 22.3 

52 27.36 41.4 0.26 0.43 3.21 2.75 0.54 375.5 1.06 0.60 0.23 1.23 2.45 20 120 10 27.7 

55 27.32 30.23 13.02 2.52 4.13 2.52 0.76 273.0 1.24 0.52 0.25 2.30 2.12 75 120 17 25 

56 44.7 22.1 4.4 13.1 3.41 2.22 0.26 324.4 1.06 0.62 0.20 1.02 2.47 150 245 22.2 20.2 

52 35.60 32.22 11.10 0.62 4.22 2.5 0.22 312.2 0.02 0.71 0.22 1.02 2.22 160 240 21.3 30 

51 32.42 30.05 10.17 0.74 4.25 2.32 0.77 32.54 1.17 0.55 0.20 1.24 2.3 140 210 20.4 20 

59 40.60 22.50 0.06 0.74 4.22 2.66 0.61 312.2 1.22 0.61 0.0 1.21 2.3 150 210 21.0 30 

60 37.24 34.55 6.21 0.61 3.2 2.71 0.56 341.6 2.5 1.3 0.26 1.32 2.03 65 165 20 27.6 

68 22.21 41.06 5.72 13.07 2.0 2.43 1.01 200.2 3.1 0.75 0.23 1.14 2.32 75 165 20.6 22.5 

67 20.14 42.15 2.06 10.1 2.4 2.2 1.61 271.4 3.6 1.32 0.21 1.66 2.51 110 125 10.7 27.7 

62 21.05 40.26 6.7 0.02 3.3 2.7 0.65 300.3 2.32 0.26 0.70 1.41 2.01 20 165 12 24.2 



62 37.3 31.72 0.04 10.22 3.75 2.63 1.31 333.23 1.26 0.07 0.27 1.65 2.43 00 165 16.2 27 

65 26.10 43.2 5.6 12.72 3.2 2.3 0.02 353.6 2.31 1.3 0.21 1.14 0.44 75 170 10 22.1 

66 20.71 37.01 0.64 10.50 3.17 2.22 0.2 343.2 2.5 1.30 0.24 1.62 2.25 20 160 10.6 22 

62 30.26 37.72 7.07 11.26 3.22 2.7 0.30 343.2 2.4 1.42 0.24 1.45 2.33 05 105 16 23.5 

61 34.2 32.20 11.70 0.26 4.2 2.6 0.33 333.0 1.07 0.60 0.27 2.01 2.00 140 240 20 30 

69 35.14 32.03 10.57 10.34 4.32 2.52 0.56 315.3 2.10 0.62 0.27 1.21 2.14 120 240 22.2 30.7 

20 30.12 20.00 12.04 0.02 2.61 2.2 0.24 333.0 1.5 0.32 0.0 2.12 1.00 00 120 20 30 

28 32.70 35.24 10.64 0.73 3.22 2.72 0.72 310.5 1.60 0.52 0.27 1.20 2.26 00 145 22 33 

27 37.22 30.52 10.20 0.26 4.62 2.26 0.0 324.7 1.07 0.07 0.20 1.0 2.17 70 130 21 34 

 

 

Continue Table ( A-8) 

 

No. C2S% C7S% C2A% C2AF% MgO% SO2% 
Free 

CaO% 

Ss 
(Blaine) 
(m

7
/kg) 

L.O.I.% IR% L.S.F.% AR SM 
IST 

(min) 
FST 

(min) 
ƒ2 

(MPa) 
ƒ2 

(MPa) 

22 32.60 30.56 2.77 10.34 4.14 2.4 0.24 322.4 2.05 0.2 0.22 1.61 2.3 65 125 10.5 30 

22 30.06 20.07 0.53 10.50 4.54 2.32 1 305.6 1.22 0.23 0.20 1.67 2.10 05 120 22 35.0 

25 33.13 36.41 10.16 0.73 4.4 1.65 1.06 205.6 1.43 0.55 0.26 1.23 2.36 25 55 10 16.4 

26 35.11 33.37 10.27 0.73 4.55 2.1 0.72 220 2.12 0.24 0.27 1.25 2.20 120 225 20 31 

22 33.25 36.32 11.21 0.26 2.75 2.04 0.56 220 2.25 0.47 0.26 1.04 2.24 130 250 10.0 31 

21 33.72 33.45 11.57 0.40 4.63 2.54 0.56 315 1.63 0.65 0.27 2.04 2.16 120 240 22.3 30.4 

29 31.22 35 12.4 0.25 4.42 2.66 0.67 342 2.07 0.52 0.27 2.17 2.11 130 240 22.2 32.4 

10 30.6 36.66 11.0 0.26 4.12 2.22 0.24 300.6 2 0.31 0.26 3.02 2.12 25 145 23.7 30.4 

18 22.36 30.72 10.24 0.26 4.12 2.24 0.0 310.5 2.02 0.37 0.25 1.0 2.27 60 120 21 22 

17 22.03 32.32 11.04 0.5 4.42 2.32 0.72 347.2 1.44 0.22 0.26 2.02 2.12 25 145 10.5 22.5 

12 42.02 22.24 0.43 0.25 4.13 2.02 1.12 324.7 1.11 0.75 0.0 1.21 2.47 100 160 20 30 

12 33.24 36.27 11.21 0.26 3.04 2.22 1.06 320.1 1.33 0.23 0.25 1.04 2.24 50 120 21.6 20.5 

15 34.0 32.61 11.02 0.61 4.32 2.27 0.72 325 1.52 1.42 0.22 2.07 2.12 75 130 10.5 25.7 

16 32.60 34.05 12.25 0.02 4.22 2.46 0.72 320 1.55 1.04 0.27 2.04 2.04 50 105 22.4 25.7 

12 33.6 34 12.22 0.73 4.34 2.16 0.61 334 1.51 1.12 0.27 2.02 2.1 60 120 10.5 25.7 

11 32.02 20.75 10.22 0.25 4.42 2.62 0.24 200 1.2 1.22 0.20 1.0 2.33 70 130 22.3 26.3 

19 26.20 40.6 12.76 10.22 2.62 2.77 0.56 324.7 1.07 0.56 0.25 2.07 2.04 170 245 16.5 24.4 

90 32.54 20.03 10.10 0.02 3.73 2.22 0.73 315.4 2.2 0.61 0.20 1.21 2.23 100 255 20.3 26.3 

98 22.73 30.16 11.2 10.22 2.34 2.35 0.72 320 2.67 0.41 0.25 1.06 2.13 150 230 21.2 26.5 

97 21.41 47.5 12.06 0.26 1.42 1.06 1.23 324.7 2.56 1.3 0.23 2.04 2.25 170 240 16.4 21 

92 40.11 12.01 0.02 0.02 4.32 2.5 1 342.2 1.13 0.67 0.0 1.72 2.26 60 125 24.6 20 

92 37.27 31.23 10.02 0.61 4.34 2.74 0.56 310.5 2.02 0.46 0.22 1.23 2.31 65 120 21 27.2 

95 32.5 35.23 10.6 0.73 4.66 2.74 0.5 324.2 1.2 0.64 0.26 2.22 2.25 20 160 20.1 26 

96 34.24 34.44 10.62 0.5 4.64 2.16 0.56 205 1.5 0.66 0.26 1.02 2.32 75 135 23.3 20 

 

 

Continue Table ( A-8) 

 

No. C2S% C7S% C2A% C2AF% MgO% SO2% 
Free 

CaO% 

Ss 
(Blaine) 
(m

7
/kg) 

L.O.I.% IR% L.S.F.% AR SM 
IST 

(min) 
FST 

(min) 
ƒ2 

(MPa) 
ƒ2 

(MPa) 

92 31.72 35.12 11.04 0.02 4.52 2.2 0.67 320.1 1.25 0.72 0.26 1.0 2.16 105 160 25.2 30.5 



91 30.62 32.32 11.01 0.73 4.34 2.36 0.56 334 1.05 1.36 0.25 1.03 2.22 65 125 17.2 23.4 

99 32.44 36.53 10.76 0.61 4.16 2.5 0.72 332 1.27 1.42 0.26 1.02 2.3 55 155 17 22 

800 40.65 22.62 10.0 0.73 4.34 2.22 0.61 320 1.03 1.32 0.20 1.02 2.21 60 120 15.1 24 

808 43.6 26.16 0.35 0.26 4.3 2.16 0.0 325 1.22 0.05 0.0 1.73 2.33 115 120 17.2 25.3 

807 36.67 31.2 11.01 0.73 3.36 2.32 0.24 320 1.33 0.72 0.20 2.04 2.13 100 160 16.2 25.3 

802 35.14 32.20 11.63 10.34 3.22 2.42 1.12 305.6 1.36 1.02 0.22 1.03 2.02 25 145 17 24.3 

802 37.20 30.75 11.33 10.50 3.32 2.22 0.05 320.4 1.72 0.71 0.20 1.26 2.07 120 120 17.5 24.5 

805 36.12 32.32 10.0 10.71 3.1 2.32 0.0 347 1.22 0.64 0.22 1.2 2.1 00 150 20 24.3 

806 20.05 47.32 12.21 0.73 2.22 2.61 0.61 310.5 1.17 0.37 0.22 2.15 2.12 125 100 15.2 24.2 

802 20.52 32.33 11.76 10.1 3.24 2.77 0.72 300.6 1.4 0.65 0.25 1.07 2.14 120 120 16 26.5 

801 31.25 36.52 12.32 0.26 3.15 2.25 1.06 315.3 1.07 0.07 0.27 2.02 2.11 130 250 21.2 26 

809 22.37 30.66 12.56 0.61 2.46 2.7 0.22 205.6 2.23 0.53 0.25 2.14 2.14 120 300 13.2 20 

880 50.03 22.24 0.40 17.20 0.04 1.24 1.46 305.6 2.72 1.06 0.01 0.67 2.15 210 220 16.3 23.2 

888 22.43 30.44 12.32 0.26 3.22 1.02 1.06 347.2 2.3 1.2 0.26 2.07 2.13 60 130 17.2 24.3 

887 20.46 32.5 11.04 0.02 2.5 2.21 0.61 332.4 3.11 0.72 0.25 2.01 2.14 120 255 20.1 27.1 

882 27.75 32.52 12.47 0.02 1.04 2.76 0.0 347.2 3.5 0.07 0.26 2.07 2.06 100 270 20.4 24.5 

882 24.6 43.25 12.27 0.73 1.22 2.42 0.67 347.2 2.72 0.02 0.24 2.15 2.13 150 230 22.3 26.2 

885 40.72 20.77 2.47 11.07 3.25 2.22 0.24 260 1.23 0.66 0.20 1.51 2.3 130 200 21.7 30.5 

886 34.77 36.03 7.70 11.44 3.55 2.15 0.72 206 1.21 0.34 0.26 1.42 2.32 100 170 20.6 32.2 

882 35.22 32.56 10.2 0.73 4.4 2.33 0.76 306 1.75 0.61 0.22 1.01 2.23 120 105 20 22 

881 41.03 31.03 7.42 10.05 2.2 1.04 0.72 274.5 2.57 0.4 0.22 1.41 2.42 120 300 20.72 20.6 

889 35.35 32.27 7.24 11.44 3.65 2.17 1 305.6 2.71 0.34 0.22 1.42 2.22 110 240 21.4 22.3 

870 35.35 32.27 12.20 0.25 4.47 2.12 0.61 300.6 1.72 0.32 0.22 2.16 2.13 100 310 23.2 20.6 

 

 

Continue Table ( A-8) 

 

No. C2S% C7S% C2A% C2AF% MgO% SO2% 
Free 

CaO% 

Ss 
(Blaine) 
(m

7
/kg) 

L.O.I.% IR% L.S.F.% AR SM 
IST 

(min) 
FST 

(min) 
ƒ2 

(MPa) 
ƒ2 

(MPa) 

878 30.10 37.14 6.06 0.40 4.25 2.55 0.67 300.6 1.21 0.36 0.26 1.00 2.23 170 225 21.2 22.4 

877 32.37 36.12 11.04 0.40 4.52 2.22 0.56 333.0 1.64 0.34 0.26 1.07 2.27 120 210 23.4 22.2 

872 43.71 22.05 3.03 13.51 3.63 2.14 1.06 315.3 1.45 0.31 0.22 0.07 2.46 120 215 20.3 22.7 

872 36.60 32.52 0.42 10.22 4.32 2.14 0.72 342 1.75 0.43 0.27 1.60 2.32 110 100 22.2 22.0 

875 33.77 34.61 0.55 0.02 4.67 2.47 0.72 313.0 1.3 0.51 0.27 1.73 2.33 100 160 24.6 31.6 

876 30.13 32.22 10.04 0.26 4.22 2.6 0.24 311.7 1.21 0.30 0.25 1.2 2.33 25 150 21.5 30.6 

872 41.22 20.42 2.20 11.62 4.02 2.11 0.05 310 1.03 0.57 0.20 1.45 2.22 100 160 22 22.1 

871 34.57 33.55 11.06 2.22 4.37 2.36 0.72 270 2.1 0.51 0.27 2.07 2.32 120 160 22.7 22.6 

879 33.44 34.02 0.24 10.1 4.27 2.42 0.05 310 1.27 0.61 0.27 1.77 2.27 140 200 21 27.7 

820 31.22 36.72 11.26 0.26 4.32 2.37 0.56 327 1.42 0.40 0.27 1.05 2.2 100 155 23.26 20.3 

828 30.05 36.56 12.12 2.22 4.75 2.12 0.61 332 2.15 0.4 0.26 2.0 2.23 00 145 25.2 22.0 

827 30.44 37.13 10.34 10.47 4.21 2.71 0.56 310 1.35 0.30 0.26 1.77 2.10 125 120 24.2 22.2 

822 43.57 25.56 2.36 11.07 5.2 2.24 0.67 305.6 1.21 0.42 0.0 1.5 2.23 120 120 21.2 22.4 

822 36 32.76 0.56 10.34 4.0 2.54 0.56 310 1.35 0.30 0.27 1.7 2.27 125 120 24.2 22.2 

825 33.31 32.11 5.06 12.53 3.03 2.16 1.12 366 1.16 0.20 0.25 1.7 2.45 100 210 20 27.6 

826 32.05 34.23 10.45 0.02 3.17 2.52 1.23 347 2.31 0.34 0.27 1.24 2.23 25 154 25 20 

822 26.13 41.64 11.02 0.25 4.25 2.45 0.72 332 1.20 0.62 0.24 2 2.34 130 100 10.2 27.5 

821 37.06 32.42 0.20 0.02 2.73 2.71 1.62 301 1.2 0.51 0.20 1.7 2.37 135 200 12.3 24 

829 30.62 30.64 0.75 0.25 3.0 2.25 0.72 320 1.23 0.37 0.25 1.25 2.53 25 260 12.1 26 

820 30.26 32.07 0.35 0.5 4.75 2.53 0.67 334 2.22 0.35 0.25 1.77 2.5 140 205 21 27 

828 24.05 43.1 10.56 0.02 2.03 2.6 1.20 342 2.43 0.64 0.24 1.25 2.3 20 105 17 24.1 

827 37.06 20.67 10.00 0.40 4.26 2.32 0.72 325 3.45 0.36 0.20 1.26 0.24 120 225 22.3 22.5 

822 27.27 30.23 12.21 0.40 3.03 2.64 0.20 320 2.07 0.47 0.25 2.11 2.14 00 105 23.2 22.2 



822 41.62 27.73 2.45 0.26 4.62 2.5 0.72 325 2.30 0.23 0.20 1.62 2.43 25 200 21 22.4 

 

 

Continue Table ( A-8) 

 

No. C2S% C7S% C2A% C2AF% MgO% SO2% 
Free 

CaO% 

Ss 
(Blaine) 
(m

7
/kg) 

L.O.I.% IR% L.S.F.% MA SM 
IST 

(min) 
FST 

(min) 
ƒ2 

(MPa) 
ƒ2 

(MPa) 

825 26.27 41.3 12.44 0.73 2.7 2.62 1.12 330 1.12 0.06 0.25 2.1 2.14 00 200 17 23.2 

826 24.62 44.27 0.20 0.02 2.62 2.75 0.20 450 3.30 0.57 0.23 1.7 2.46 50 160 20 31.2 

822 33.43 35.21 0.12 11.2 4.56 2.12 0.72 320 2.02 0.75 0.26 1.60 2.32 00 240 23.5 32.1 

821 22.42 32.25 11.33 0.73 4.1 2.22 0.72 300 2.07 0.51 0.26 1.07 2.12 120 225 20.5 20 

829 34.55 34.31 7.07 11.10 4.4 2.11 0.05 320 2.74 0.42 0.26 1.45 2.33 120 240 23 22.2 

850 36.27 31.12 10.46 0.5 4.4 2.34 0.61 364 3.32 0.55 0.22 1.0 2.25 120 240 23 32 

858 34.63 34.14 10.12 0.25 4.56 2.24 0.67 330 2.67 0.2 0.27 1.20 2.32 110 230 26.3 32.2 

857 42.54 26.62 2.35 0.26 3.07 2.10 0.72 356 3.27 0.46 0.0 1.61 2.42 150 270 20 20 

852 41.1 20.6 6.7 13.30 2.43 1.04 0.24 277.2 2.51 0.4 0.22 1.21 2.17 100 120 10.2 20.4 

852 34.62 34.77 10.16 2.22 4.53 2.6 0.67 332 1.52 0.30 0.27 1.05 2.46 130 260 22.4 20.7 

855 30.67 32.33 11.16 2.52 4.63 2.10 0.56 310.6 2.07 0.36 0.25 2.14 2.43 120 230 23.5 30.0 

856 37 31.5 7.41 12.72 4.5 2.13 1.12 227.5 1.65 0.4 0.22 1.3 2.14 00 120 20.7 20.2 

852 30.02 32.06 2.01 11.32 3.7 2.13 0.05 340 2.04 0.36 0.25 1.54 2.26 45 150 24.2 20.7 

851 36.60 32.52 0.42 10.22 4.32 2.14 0.72 342 1.75 0.43 0.27 1.60 2.32 110 100 22.2 22.0 

859 33.33 34.77 10.2 11.2 3.25 2.57 0.72 320.4 1.17 0.35 0.22 1.62 2.11 130 200 23.2 22.3 

860 22.20 30.6 11.02 0.61 4.51 2.41 0.20 274.5 1.43 0.20 0.25 1.06 2.27 130 100 21.2 27.7 

868 55.62 10.11 0.02 17.02 1.7 2.15 1.62 202 0.54 0.62 0.03 0.64 2.3 155 245 23.2 32.2 

867 51.61 21.03 1.65 16.6 1.62 2.1 1.47 305.7 0.76 0.73 0.02 0.75 2.21 145 235 21.3 31 

862 41.02 27.54 10.05 0.26 4.63 2.6 0.01 313.3 1.22 0.34 0.0 1.21 2.24 150 220 210 300 

862 35.32 34.61 2.72 0.26 4.10 2.44 0.0 201.5 1.10 0.63 0.27 1.66 2.42 100 100 20 22.3 

865 35.00 33.01 11.06 0.72 3.2 2.54 1.42 302.4 1.24 0.55 0.20 1.00 2.22 100 170 21.2 22 

866 27.21 41.12 10.34 0.13 3.1 2.63 1.14 315 2.1 1.1 0.23 1.04 2.46 100 105 12.0 27.6 

862 24.24 42.06 0.01 0.50 3.1 2.77 1.27 313.7 2.2 0.20 0.22 1.23 2.42 105 210 17.6 25.5 

861 32.35 32.02 5.24 12.24 2.67 2.42 1 300 3.3 0.22 0.26 1.13 2.26 135 230 20.7 22.2 

 

 

Continue Table ( A-8) 

 

No. C2S% C7S% C2A% C2AF% MgO% SO2% 
Free 

CaO% 

Ss 
(Blaine) 
(m

7
/kg) 

L.O.I.% IR% L.S.F.% MA MS 
IST 

(min) 
FST 

(min) 
ƒ2 

(MPa) 
ƒ2 

(MPa) 

869 20.76 32.04 11.27 0.37 3.07 2.36 1.12 315 1.7 1.2 0.25 2.02 2.27 110 210 12 27 

820 37.50 20.00 11.24 2.76 4.42 2.32 0.0 300 3.2 1.1 0.22 2.11 2.24 120 220 10.5 22.4 

828 37.02 30.22 10.12 0.73 4.1 2.64 0.05 311.5 2.02 0.74 0.22 1.02 2.17 150 240 10 22.5 

827 53.52 10.00 3.42 13.30 2.75 2.3 1.12 325.6 2.42 1.1 0.01 0.03 2.44 100 125 12.7 22.3 

822 41.03 22.65 6.57 10.1 3.57 2.7 1.22 354.7 2.43 1.17 0.25 1.32 2.65 120 240 12.4 27.1 

822 43.6 22.65 5.04 10.05 3.55 2.66 1.2 305.7 3.65 1 0.20 1.16 2.62 150 235 12 27.1 

825 33.52 33.52 2.06 0.61 4.03 2.6 1 200.2 1.00 0.05 0.26 1.7 2.46 105 125 12.2 27.7 

 



 

 

 

 

 

Table (A-7) Properties of Sulfate Resisting Portland  Cements form Data Obtained by Consultant 

Engineering Bureau in University of Babylon (for The Period between 7000-7002) 

 

No. C2S% C7S% C2A% C2AF% MgO% SO2% 
Free 

CaO% 

Ss 
(Blaine) 
(m

7
/kg) 

L.O.I.% IR% L.S.F.% 
IST 

(min) 
FST 

(min) 
AR SM 

ƒ2 
(MPa) 

ƒ2 

(MPa) 

8 41.32 20.20 3.46 15.21 2.4 2.16 0.20 355.7 2.25 0.6 0.27 120 260 0.0 2.24 22 32.0 

7 51.13 22.72 1.76 14.25 2.25 2.05 0.72 334 2.11 0.53 0.0 120 245 0.77 2.47 25.3 34.2 

2 40.43 23.77 0.02 15.52 3.17 1.01 1 275 2.25 0.23 0.0 120 240 0.71 2.43 24.5 32.7 

2 47.2 25.4 3.43 14.6 2.34 2.1 1.06 332 1.47 0.20 0.0 120 225 0.0 2.34 20.1 35 

5 47.62 25.1 2.71 16.10 1.47 2.17 0.24 334 2.11 0.63 0.0 130 240 0.23 2.12 10.5 20.7 

6 53.13 10.72 1.67 15.52 3.02 1.06 0.67 334 2.62 0.52 0.01 120 240 0.76 2.31 24.7 35 

2 51.53 22.25 0.12 17.04 3.12 2.01 0.24 320 1.15 0.11 0.0 145 240 0.27 2.31 22 34.6 

1 44.71 22.42 1.70 16.70 1.05 2.05 1 347 1.53 0.43 0.22 140 105 0.76 2.23 20 33.2 

9 51.2 21.52 1.27 15.7 3.42 2.11 0.67 320 1.73 0.45 0.01 00 120 0.77 2.3 25.2 33 

80 40.01 23.76 3.35 15.21 1.61 2.15 0.72 322 1.4 0.62 0.0 120 100 0.20 2.26 23 37.0 

88 56.33 15.7 3.46 15.7 1.72 2.07 0.20 356 1.21 0.57 0.04 00 100 0.20 2.02 25.5 30 

87 52.22 16.57 0 16.55 2.07 1.02 0.20 334 1.32 0.52 0.03 120 120 0.61 2.4 25.5 31.7 

82 50.32 14.77 1.47 15.04 1.72 2.26 0.24 315.5 1.56 0.45 0.04 135 100 0.74 2.27 22.0 30.5 

82 62.17 14.22 0 16.06 1.7 2.11 0.67 315 1.25 0.46 0.03 125 100 0.61 2.5 23.2 20.4 

85 50.2 15.72 2.53 14.6 2.35 2.03 0.56 320 1.43 0.22 0.03 120 120 0.23 2.32 25.5 31.5 

86 55.54 10.45 2.03 14.36 1.0 2.14 0.5 320 1.15 0.30 0.01 120 100 0.27 2.42 25 34.5 

82 55.62 12.03 1.26 15.33 3 2.02 0.22 362 1.12 0.53 0.01 110 170 0.77 2.37 22.0 34.5 

81 33.74 35.40 11.3 7.70 3.35 2.15 0.33 356 2.26 0.17 0.27 120 105 2.3 2.51 10.6 26.1 

89 51.12 23.37 1.3 15.52 1.62 2.2 1.12 306 1.67 0.31 0.0 125 210 0.73 2.43 21.0 20 

70 50.51 15.37 0.01 15.04 2.02 1.22 0.72 320 1.61 0.2 0.03 120 200 0.63 2.45 24.3 30.3 

78 57.05 17.51 0.13 15.52 2.55 2.07 0.67 310 2.25 0.61 0.02 00 100 0.65 2.5 22.4 20.1 

77 55.2 12.33 0.30 16.06 2.05 2.1 0.67 306 1.05 0.30 0.02 130 240 0.66 2.37 23.4 20.2 

72 52.03 16.2 0 16.06 3.2 1.27 0.73 300.6 1.51 0.42 0.03 110 120 0.62 2.46 22.2 30 

 

 

Continue Table ( A-7) 

 

No. C2S% C7S% C2A% C2AF% MgO% SO2% 
Free 

CaO% 

Ss 
(Blaine) 
(m

7
/kg) 

L.O.I.% IR% L.S.F.% 
IST 

(min) 
FST 

(min) 
AR SM 

ƒ2 
(MPa) 

ƒ2 

(MPa) 

72 52.34 16.65 0.01 15.7 2.73 1.02 0.72 340 1.75 0.33 0.03 20 170 0.64 2.5 25 34.1 

75 36.10 31.12 10.47 11.2 3.33 1.02 0.72 313 3.35 0.35 0.22 125 200 1.71 2.04 21.3 22.5 

76 54.15 10.21 2.55 15.7 1.75 1.26 0.67 220 1.07 0.30 0.02 120 220 0.22 2.24 21.4 20 

72 60.60 14.3 0.67 14.6 2.25 2 0.61 300 2.27 0.37 0.04 00 200 0.60 2.57 24.2 33.5 



71 52 22.20 0.20 14.73 2.24 2.12 0.67 300 3.45 0.45 0.0 120 230 0.66 2.67 24.5 34.1 

79 40.07 32.36 2.55 15.62 1.10 2.26 0.62 315.2 1.45 0.5 0.22 160 240 0.22 2.33 12.4 22.3 

20 60.27 14.37 -0.22 16.12 3.11 2.07 1.25 360.4 1.46 0.43 0.03 110 230 0.61 2.44 24.5 32 

28 52.06 17.55 0.51 15.22 1.01 2.14 0.36 221.2 1.64 0.40 0.02 125 240 0.67 2.45 24 32 

27 42 27.71 -1.37 15.2 2 2.12 0.52 224.4 2 0.65 0.27 125 215 0.54 2.22 12 27.7 

22 46.02 27.26 -1.03 17.12 2.5 2.00 0.5 311.6 2.3 0.56 0.27 120 205 0.57 2.46 22.5 20.6 

22 40.65 25.04 -0.05 17.04 2 2.05 0.5 316.3 2 0.54 0.22 20 120 0.52 2.47 10 26.2 

25 45.51 27.42 2.00 15.52 2.21 2.1 0.21 305.6 1.63 0.20 0.22 120 210 0.26 2.26 21.3 30 

26 51.1 23.77 0.63 17.16 1.22 2.03 0.72 324 1.04 0.46 0.0 160 270 0.62 2.20 20 31.2 

22 42.44 25.55 1.62 15.04 3.02 1.22 0.24 320.1 1.17 0.13 0.20 70 140 0.76 2.35 22.7 37.7 

21 42.44 25.55 1.62 15.04 3.02 1.22 0.75 320.1 1.17 0.13 0.20 70 140 0.76 2.35 22.7 37.7 

29 46.02 27.03 3.11 15.45 3.04 2.02 0.75 305 1.01 0.55 0.22 130 300 0.27 2.26 25.7 32.6 

20 46.44 26.66 2.63 16.43 1.53 1.26 0.61 305 1.0 0.41 0.20 120 225 0.22 2.12 10.5 30 

28 50.55 21.05 3.36 15.21 3.62 1.25 0.20 351.5 0.25 0.17 0.01 60 145 0.20 2.21 24.2 34.2 

27 51.2 21.13 2.77 15.21 3.04 1.74 0.72 310.5 1.12 1.2 0.01 00 145 0.25 2.27 23 26 

22 45.64 26.02 2.24 16.43 1.24 2.12 0.24 300.7 1.55 1.21 0.20 00 150 0.23 2.16 24.0 22.5 

22 43.75 22.23 2.24 15.1 3.11 2.02 0.0 347.2 1.27 0.21 0.20 120 250 0.25 2.32 12.6 25.3 

25 42.05 25.25 0.02 12.26 0.72 2.12 1.34 342.2 1.65 0.63 0.0 60 120 0.64 2.2 12.7 23.6 

26 52.22 21.45 2.67 15.21 3.4 1.02 1.51 324.2 0.22 0.74 0.01 110 100 0.24 2.3 25.2 20.7 

22 51.26 22.06 1.02 16.55 1.42 2.32 0.56 325 1.1 0.46 0.01 IST 155 0.77 2.2 22.3 31 

 

 

Continue Table ( A-7) 

 

No. C2S% C7S% C2A% C2AF% MgO% SO2% 
Free 

CaO% 

Ss 
(Blaine) 
(m

7
/kg) 

L.O.I.% IR% L.S.F.% 
IST 

(min) 
FST 

(min) 
AR SM 

ƒ2 
(MPa) 

ƒ2 

(MPa) 

21 53.17 10.35 3.32 15.1 3.2 2.16 0.24 320 1.05 0.36 0.02 05 120 0.20 2.21 17.5 23.3 

29 51.54 22.41 2.07 17.04 0.75 2.16 1 356 1.02 0.21 0.01 130 125 0.72 2.14 16 24.5 

50 53.42 12.00 3.02 15.22 3.5 2.16 1.06 320 1.13 0.66 0.02 135 210 0.25 2.14 22.5 27 

58 42.57 24.22 1.05 17.65 1.1 2.3 1.06 332.4 1.11 0.76 0.0 120 120 0.7 2.16 10 20 

57 47.02 25.3 3.3 15.21 3.06 2.02 1.51 310.5 0.05 0.23 0.0 20 140 0.22 2.24 20.6 22.4 

52 45.23 20.12 0 17.0 0.75 2.46 1.46 332.4 1.33 0.41 0.22 150 230 0.63 2.3 10.2 25.2 

52 43.12 20.51 3.40 14.07 2.0 1.2 1.34 340.6 1.42 0.62 0.22 200 200 0.0 2.3 26 20.5 

55 43.25 27.06 3.47 14.72 3.24 2.05 1.4 355.7 3.34 1.02 0.20 210 300 0.01 2.25 25.2 32.0 

56 50.26 22.17 3.45 14.25 3.35 2.02 1.22 301 1.32 0.47 0.01 120 120 0.0 2.25 30.6 37.2 

52 44.05 20.24 3.25 15.21 1.41 2.11 0.0 301 1.33 0.72 0.22 00 160 0.22 2.33 20.4 31 

51 55.31 17.62 2.72 15.52 1.45 2.11 0.05 220 2.43 0.61 0.03 100 315 0.24 2.10 25.5 30 

59 40.42 22.60 2.17 14.07 3.25 2.13 0.72 300.6 2.43 0.47 0.0 00 270 0.2 2.35 25.3 33.4 

60 40.77 24.43 0 16.67 3.27 1.27 0.20 322 1.26 0.20 0.20 70 120 0.63 2.4 26.06 35.3 

68 46.35 27.03 3.42 15.00 1.45 2.26 0.0 305.6 1.13 0.45 0.22 70 120 0.0 2.32 10.5 22.2 

67 55.07 12.67 0.46 15.1 3.55 1.02 0.24 344 1.27 0.12 0.02 120 100 0.67 2.56 22.5 32 

62 53.33 21.63 0.6 16.06 1.7 2.12 1 310 1.65 0.46 0.01 110 165 0.62 2.43 25 34 

62 45.72 22.53 0.53 16.67 2.1 2.13 0.24 345 1.63 0.52 0.27 120 125 0.67 2.30 22.6 27.7 

65 45.73 26.62 3.42 15.00 3.2 1.27 0.72 332 0.20 0.35 0.20 140 240 0.0 2.26 24.1 34 

66 51.53 22.25 0.12 17.04 3.12 2.01 0.05 320 1.15 0.11 0.0 145 240 0.27 2.31 22 34.6 

62 44.71 22.42 1.70 16.70 1.05 2.05 0.24 347 1.53 0.43 0.22 140 105 0.76 2.23 20 33.2 

61 40.43 23.77 0.02 15.52 3.17 1.01 1 275 2.25 0.23 0.0 120 240 0.71 2.43 24.5 32.7 

69 47.2 25.4 3.43 14.6 2.34 2.1 1 332 1.47 0.20 0.0 120 225 0.0 2.34 20.1 35 

20 47.62 25.1 2.71 16.10 1.47 2.17 1.06 334 2.11 0.63 0.0 130 240 0.23 2.12 10.5 20.7 

28 41.32 20.20 3.46 15.21 2.4 2.16 0.24 355.7 2.25 0.6 0.27 120 260 0.0 2.24 22 30.0 

 



 

Continue Table ( A-7) 

 

No. C2S% C7S% C2A% C2AF% MgO% SO2% 
Free 

CaO% 

Ss 
(Blaine) 
(m

7
/kg) 

L.O.I.% IR% L.S.F.% 
IST 

(min) 
FST 

(min) 
AR SM 

ƒ2 
(MPa) 

ƒ2 

(MPa) 

27 51.13 22.72 1.76 14.25 2.25 2.05 0.20 334 2.11 0.53 0.0 120 245 0.77 2.47 25.3 34.2 

22 53.13 10.72 1.67 15.52 3.02 1.26 0.72 334 2.62 0.52 0.01 60 240 0.76 2.31 24.7 35 

22 54.05 21.5 0.31 15.22 1.62 1.03 0.67 227.5 2.2 0.36 0.0 130 220 0.66 2.51 22 20.2 

25 55.3 17.34 3.16 15.1 3.15 1.0 0.72 344.2 1.62 0.34 0.03 120 230 0.22 2.21 24 31.7 

26 51.56 21.02 3.40 14.07 3.26 1.02 0.20 320.3 1.32 0.47 0.01 00 120 0.0 2.22 26 36.2 

22 56.62 10.16 2.34 14.36 1.41 2.14 0.24 301.5 1.21 0.62 0.02 120 120 0.22 2.5 23.0 20.2 

21 45.04 20.05 2.52 14.6 1.66 2.3 0.72 320 1.05 0.40 0.22 00 150 0.24 2.52 23.1 31.3 

29 41.62 31.22 2.66 15.7 3.45 2.03 0.20 351.5 0.03 0.32 0.27 135 200 0.23 2.31 24.3 33.0 

10 30.46 33.02 0.40 16.55 1.22 2.13 0.67 260 2.7 0.65 0.25 110 215 0.67 2.41 10.2 22.6 

18 32.75 34.24 0.43 15.05 2.37 2.12 1.5 300.5 2.6 0.25 0.24 20 100 0.67 2.53 23.3 30.7 

17 66.01 7.42 -1.62 17.04 2.42 2.13 1.3 303 2.27 0.05 0.06 110 240 0.53 2.33 22.0 30.2 

12 40.2 24.76 -0.66 17.4 2.03 2.17 1.4 320.1 1.12 0.77 0.22 115 220 0.50 2.32 20.2 20.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table (A-2) Properties of The Cements from Data Obtained by AL-Ta`ii (7008) 

 



ƒ71 

(MPa) 

ƒ2 

(MPa) 

FST 

(min) 

IST 

(min) 
Unsoundness% 

Ss 

(Blaine) 

(m7/kg) 

L.S.F.% IR% L.O.I.% SO2% MgO% C2AF% C2A% C7S% C2S% No. 

30 27.2 210 140 0.16 357 0.21 0.44 1.15 2.53 3.25 0.2220 2.00 45.7 26.2 8 

35.37 26.1 265 205 0.16 344 0.2 0.45 1.42 2.47 2.71 0.4042 2.17 50 23.3 7 

32.71 26.2 240 170 0.07 355 0.22 0.45 1.26 2.43 3.25 0.0026 11.6 43 26 2 

42.06 36.5 200 125 0.16 364 0.27 0.7 1.1 2.5 3.51 0.120 2.12 32.5 40.5 2 

41.04 31.4 175 120 0.03 350 0.23 0.74 1.15 2.27 2.71 0.7072 10.1 42.1 20.7 5 

42.43 34.6 205 135 0.02 361 0.24 0.62 0.26 1.04 2.62 0.6463 2.02 30.2 34.3 6 

43.1 36.2 100 145 0.04 347 0.20 0.44 0.21 2.01 2.51 0.7376 2.51 34.7 30.2 2 

31.6 24.3 170 120 0.12 330 0.26 0.32 1.55 2.44 2.5 0.4333 7.03 12.7 54.2 1 

36.61 26.7 130 20 0.60 321 0.23 0.54 0.02 2 4.24 0.021 10.4 42.4 27.2 9 

33.71 27.4 225 145 0.12 327 0.22 0.72 1.22 2.5 4.17 0.6150 12.2 47.6 20.5 80 

22 26.2 165 130 0.32 321 0.24 0.02 0.67 2.3 4.24 0.7072 0.51 36.2 33.2 88 

45.32 32.5 150 20 0.03 323 0.22 0.5 0.2 2.23 4.31 0.7376 10.1 32.7 31.0 87 

32.12 22.1 215 150 0.22 301 0.2 1.3 0.6 2.4 2.46 0.6150 10.0 50.6 20.4 82 

32.27 27 110 60 0.5 315 0.27 1.26 0.07 1.02 3.02 0.4637 12.6 33.0 35.2 82 

20.43 25.1 110 60 0.22 205 0.26 0.7 1.15 2.4 4.22 0.7376 11.3 34.2 33.4 85 

32.67 24.4 123 137 0.16 315 0.25 0.72 1.71 2.43 4.06 10.103 0.0 36.0 32.4 86 

33.02 27.2 125 140 0.10 327 0.26 1.3 1 2.47 2.53 0.4042 12.7 34.0 33.4 82 

20.30 21.0 235 170 0.1 270 0.21 0.0 1.4 2.71 2.1 0.2503 11.6 42.7 20.6 81 

 

 

Continue Table (A-2) 

 

ƒ71 

(MPa) 

ƒ2 

(MPa) 

FST 

(min) 

IST 

(min) 
Unsoundness% 

Ss 

(Blaine) 

(m7/kg) 

L.S.F.% IR% L.O.I.% SO2% MgO% C2AF% C2A% C7S% C2S% No. 

22.37 23.7 125 65 0.15 321 0.25 0.43 0.63 2.71 4.55 10.621 10.3 36.2 31.7 70 



22.12 23.5 205 165 0.04 317 0.24 0.5 1.05 2.62 4.45 10.255 12.2 30.2 27.3 78 

33 26.6 135 150 0.01 276 0.26 0.5 1.5 2.5 3.6 0.2503 2.73 33.6 37.5 77 

35.53 32.2 260 200 0.13 334 0.2 0.37 0.21 2.53 3.2 2.277 0.67 47.0 24.2 72 

35.76 12.7 235 120 0.12 330 0.26 0.37 1.25 2.57 3.54 2.2465 15.3 37.3 20.5 72 

34 26.1 270 175 0.5 360 0.2 1.3 1 2.36 2.50 7.2214 12.7 50.2 10.2 75 

36.73 20.6 240 170 0.02 220 0.22 1 1.6 2.53 4.01 7.6624 11.2 31.4 37.5 76 

40.2 31 115 65 0.02 330 0.24 0.52 0.37 2.26 3.37 2.6117 0.02 40 33.6 72 

30.14 27.1 130 70 0.10 327 0.22 0.40 0.74 2.34 3.5 2.6117 11.2 44.1 27.2 71 

31.2 31.2 120 65 0.03 317 0.72 0.5 0.63 2.21 4.01 2.6421 0.14 53.2 20 79 

35.32 26.4 255 105 0.24 223 0.25 1.2 1 2.44 2.53 0.0073 12.3 37.4 32.1 20 

36.11 27.2 277 240 0.06 207 0.26 0.47 0.05 1.26 2.44 2.40 12.1 37.6 34.4 28 

34.20 24 220 150 0.17 222 0.23 1 1.6 1.06 3.01 2.7632 0.5 41 31.5 27 

33 10.2 120 140 0.11 200 0.2 0.6 0.62 2.00 2.05 2.2256 14.7 50.7 17.0 22 

33.77 25.0 220 120 0.05 206 0.25 0.77 0.02 2.30 3 0.120 13.0 30 22.7 22 

35.35 26.0 100 125 0.16 317 0.23 0.42 0.56 2.31 3.13 2.7632 13.1 42.1 27.3 25 

44.05 37 105 145 0.02 330 0.27 0.43 1.5 1.23 2.54 2.5204 2.66 33.4 41.4 26 

32.20 25 335 245 0.17 344 0.27 0.34 1.16 2.26 3.1 2.0335 11.2 32.5 30.4 22 

35.03 30 310 220 0.13 302 0.27 1.2 1.2 2.61 3.22 2.3027 0.23 31.6 30.2 21 

 

Continue Table (A-2) 

 

ƒ71 

(MPa) 

ƒ2 

(MPa) 

FST 

(min) 

IST 

(min) 
Unsoundness% 

Ss 

(Blaine) 

(m7/kg) 

L.S.F.% IR% L.O.I.% SO2% MgO% C2AF% C2A% C7S% C2S% No. 

32.16 26.1 215 150 0.26 202 0.23 1 1.01 2.54 2.0 2.5204 0.05 42.7 30.4 29 

44.03 32 110 55 0.07 350 0.22 0.56 1.3 1.05 2.21 2.5204 11.3 30.1 33.6 20 

35.65 22.2 105 50 0.15 315 0.25 0.63 1.11 1.73 3.02 2.6421 12 32.4 33.3 28 

33.33 27.5 05 55 0.12 340 0.23 0.53 1.16 2.71 2.63 0.0073 11.1 42.0 27.2 27 



40.02 26.3 215 145 0.02 302 0.23 1.1 0.2 2.15 1.45 0.2503 11.3 43.1 22.7 22 

32.27 26.3 240 105 0.34 207 0.25 1.7 1.25 2.4 4 0.6463 11 37 31.0 22 

34.02 20.0 125 20 0.63 315 0.27 0.41 1.1 1.74 4.41 0.2503 11.2 32.6 37 25 

34 20.0 120 25 0.44 333 0.27 0.51 1 2.02 4.27 10.437 10.2 32.2 36.2 26 

27.72 25.1 205 125 0.34 303 0.24 0.24 1.02 2.74 4.40 0.0506 10.5 37.2 31.4 22 

20.02 26.0 120 120 0.14 301 0.26 0.57 0.22 1.17 4.52 10.255 12.1 34.4 34.5 21 

36.02 30.1 210 140 0.37 315 0.25 0.7 1.04 1.0 4.34 0.2220 10.0 36.2 33.2 29 

22.21 25.7  05 0.4 300 0.25 0.57 1.43 2.5 4.42 0.7376 10.7 35.6 32.2 50 

 

 

 

 

 

 

 

 

 

 

Table (A-2) Properties of The Cements from Data Obtained by AL-A`araji (7002) 
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Continue Table (A-2) 
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     By applying eq. (2-87) on: 

8.  The first model (i.e. eq. (2-5)): 
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7. The second model (i.e. eq. (2-6)): 
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2. The third model (i.e. eq. (2-2)): 
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2. The forth model (i.e. eq. (2-1)): 
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By applying eq. (2-87) on: 

5.  The model 8*(i.e. eq. (2-82)): 
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3.70181.8022 (*
3.1022*0.4880-

1
       







 

-052110*258077*(258077-8)*SO2
(258077-7) < 0           ….(C-1) 

 

            9)-....(C   AFC1)A(C

SCSC%)(SOO.G.C

-1)1/(2.61790.1626-

4

0.7889

3

0.2381

2

0.3807-

3at60Days3

)1.86080.6574

2.68932.2061 (*
2.6179*0.6970-

1
       







 

-056920*756829*(756829-8)*SO2
(756829-7) < 0           ….(C-80) 

 

 

6. The model 7*(i.e. eq. (2-81)): 
 



0
*

2 




3

(t)

SO

ƒ
, so:   

 

                           AFC1)A(CSCSCSSO 0 aaaaa *a*a         12108642 a

411

a

39

a

27

a

35

a

s3

-1a

321  

 

            11)-....(C                                AFC

1)A(CSCSCS(SOO.G.C

1)-1/(aa

411

a

39

a

27

a

35

a

s3

21

3

212

10864

)a

aaaa (*
aa

1
        

*
%)

 

And: 

     0
*

2 




3

(t)

SO

ƒ
   , so:      a8*a7*(a7-8)*SO2

(a
2

-7) < 0           ….(C-87)  

By substituting the values of the coefficients at each age:  

            13)-....(C                        AFC

1)A(CSC

SCS%)(SOO.G.C

-1)1/(2.59260.2477-

4

0.2109

3

0.2522

2

0.3884-

3

0.1227

sat3Days3

)1.6896

0.26621.1643

1.29962.1347 (*
2.5926*0.7597-

1
       





 

 

-052592*755976*(755976-8)*SO2
(755976-7) < 0           ….(C-82)  

 

            15)-....(C                     AFC

1)A(CSC

SCS%)(SOO.G.C

-1)1/(2.17320.2840-

4

0.2157

3

0.3501

2

0.7078-

3

0.2335

sat7Days3

)2.0349

1.34780.5757

0.12931.1152 (*
2.1732*1.2369-

1
       





 

  

-857269*758227*(758227-8)*SO2
(758227-7) < 0           ….(C-86)  

 



            17)-....(C                    AFC

1)A(CSC

SCS%)(SOO.G.C

-1)1/(3.40730.1005-

4

0.3571

3

0.6167

2

0.2023

3

0.5105

sat28Days3

)0.6042

1.28431.5952

1.52260.3289 (*
3.4073*0.5395-

1
       





 

 

-055295*252022*(252022-8)*SO2
(252022-7) < 0           ….(C-81)  

 

            19)-....(C                   AFC

1)A(CSC

SCS%)(SOO.G.C

-1)1/(2.74790.4939-

4

0.3164

3

0.3603

2

0.3666-

3

0.2516

sat60Days3

)1.8734

1.42431.2216

1.44142.1154 (*
2.7479*0.8857-

1
       





 

 

-051152*752229*(752229-8)*SO2
(752229-7) < 0           ….(C-70)  

 

 

2. The model 2*(i.e. eq. (2-89)): 
 

0
*

3 




3

(t)

SO

ƒ
, so:   

 

                           sUnsoundnesCaOFreeMgO

AFC1)A(CSCSCSSO

0 a aa

aaaaa *a*a         

281614

12108642

*a2

27

a

15

a

13

a

411

a

39

a

27

a

35

a

s3

-1a

321



 
 

 

            21)-....(C                        sUnsoundnes

FreeCaOMgOAFC

1)A(CSCSCS(SOO.G.C

-1)1/(a*a2

27

a

15

a

13

a

411

a

39

a

27

a

35

a

s3

21

3

228

161412

10864

)a

aaa

aaaa (*
aa

1
       



 
*

%)

 



And:  

     0
2

3
*






3

)t(

2

SO

ƒ
   , so:      a8*a7*(a7-8)*SO2

(a
2

-7) < 0              ….(C-77)  

By substituting the values of the coefficients at each age:  

 

            23)-....(C sUnsoundnes

FreeCaOMgO

AFC1)A(CSC

SCS%)(SOO.G.C

-1)1/(3.1358-0.2064*2

0.04300.1412

0.5547-

4

0.6264

3

0.2457

2

0.6919

3

0.2456

sat3Days3

)1.1918-

1.21782.2853-

0.28550.34191.6595

0.32601.1648 (*
3.1358*0.3412-

1
       







 

 

 

-052287*258251*(258251-8)*SO2
(258251-7) < 0              ….(C-72)  

            25)-....(C              sUnsoundnes

FreeCaOMgO

AFC1)A(CSC

SCS%)(SOO.G.C

-1)1/(2.7379-0.3253*2

0.08640.1074-

0.8301

4

-1.7919

3

0.5191-

2

0.6723

3

0.4110

sat7Days3

)0.2490

3.3427-0.5834

0.41790.52041.5358

0.75690.5346 (*
2.7379*0.8092-

1
       







 

 

-051097*752229*(752229-8)*SO2
(752229-7) < 0              ….(C-76)  

            27)-....(CsUnsoundnes

FreeCaOMgO

AFC1)A(CSC

SCS%)(SOO.G.C

                             )

1.00501.08350.5457

0.75771.54782.5044

0.83881.7152 (*
2.7197*0.6697-

1
       

-1)1/(a2-0.1913*2

0.10620.2725

0.8578-

4

0.3088

3

0.2968

2

0.4614-

3

0.2335

sat28Days3







 

 

 

-056692*752892*(752892-8)*SO2
(752892-7) < 0              ….(C-71)  



            29)-....(C                   sUnsoundnes

FreeCaOMgO

AFC1)A(CSC

SCS%)(SOO.G.C

-1)1/(2.5249-0.2118*2

0.39440.5315-

0.3159-

4

0.2087

3

0.5315-

2

0.5309-

3

0.4821

sat60Days3

)2.1306

0.5283-3.6047

4.26411.87163.6047

0.74450.6405 (*
2.5249*0.6691-

1
       







 

 

-056698*755279*(755279-8)*SO2
(7.5279-7) < 0              ….(C-20)  

 

 

 

 

1. The model 2*(i.e. eq. (2-70)): 
 

0
*

4 




3

(t)

SO

ƒ
, so: 

 

                           sUnsoundnesAR

SMLSFIRLOICaOFreeMgO

AFC1)A(CSCSCSSO

0 a a

aaaaaa

aaaaa *a*a         

2826

242220181614

12108642

*a2

27

a

25

a

23

a

21

a

19

a

17

a

15

a

13

a

411

a

39

a

27

a

35

a

s3

-1a

321





 

 

 

 

            31)-....(C                              sUnsoundnes

ARSMLSFIR

LOICaOFreeMgOAFC

1)A(CSCSCS(SOO.G.C

-1)1/(a*a2

27

a

25

a

23

a

21

a

19

a

17

a

15

a

13

a

411

a

39

a
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a

35

a

s3

21

3

228

26242220

18161412

10864

)a

 aaaa

aaaa

aaaa (*
aa

1
       





 
*

%)

 And: 

     0
2

4 *






3

)t(

2

SO

ƒ
   , so:      a8*a7*(a7-8)*SO2

(a
2

-7) < 0           ….(C-27)  



By substituting of the values of the coefficients at each age:  

            33)-....(C        sUnsoundnes

ARSMLSFIR

LOICaOFreeMgO

AFC1)A(CSC

SCS%)(SOO.G.C

-1)1/(2.4879-0.2190*2

0.9656--1.25000.19851.2307

0.3203-0.79810.2877

0.1534

4

0.4309

3

0.2182

2

0.3163

3

0.2962

sat3Days3

)0.6531

 0.12560.12921.45520.3659

1.8771.65030.6657

1.12981.18611.4071

1.26290.7755 (*
2.4879*0.6752-

1
       













 

  

-056257*752129*(752129-8)*SO2
(752129-7) < 0           ….(C-22)  

            35)-....(C                sUnsoundnes

ARSMLSFIR

LOICaOFreeMgO

AFC1)A(CSC

SCS%)(SOO.G.C

-1)1/(a2-0.1808*2

2.8008--11.70355.0293-0.3433

0.1199-0.28331.6660

0.4425

4

0.4017

3

0.1362

2

0.3413

3

0.3360

sat7Days3

)1.1008

 0.44674.63760.2566-0.1513

7.08130.79320.1244

0.55331.88212.8463

1.02080.8520 (*
2.4136*0.7636-

1
       













 

-052626*752826*(752826-8)*SO2
(752826-7) < 0           ….(C-26)  

            37)-....(C                 sUnsoundnes

ARSMLSFIR

LOICaOFreeMgO

AFC1)A(CSC

SCS%)(SOO.G.C

-1)1/(2.8106-0.2596*2

0.0313-27.6278-2.43870.1258

0.17310.1256-1.7022

0.1788

4

0.6077

3

0.2536

2

0.3156

3

0.1676

sat28Days3

)1.3229

 2.19765.81260.44760.6188

0.38030.54420.7166

1.35651.29821.4643

1.4245(2.2556*
2.8106*0.6344-

1
       













 

-056222*751806*(751806-8)*SO2
(751806-7) < 0           ….(C-21)  

 



            39)-....(C                 sUnsoundnes

ARSMLSFIR

LOICaOFreeMgO

AFC1)A(CSC

SCS%)(SOO.G.C

-1)1/(2.598-0.1831*2

0.1905-0.1866-0.22790.7027

0.3967-0.7690-0.5265

0.3310

4

0.2954

3

0.1282

2

0.3366

3

0.2468

sat60Days3

)1.4199

 1.90900.72910.2058-0.3379

3.73660.54460.3830

1.10932.03451.5802

1.03631.8086 (*
2.5980*0.6765-

1
       













 

-056265*7.5910*(7.5910-8)*SO2
(7.5910-7) < 0           ….(C-20)  

 

 


