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 حركات د.محمد عباس، د.مسعود إيجاد قيم النفاذية والمسامية للخرسانة بدلالة خواص مقاومة الضغط والكثافة والإمتصاص    .21
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3

3-1  

97/340 [3]

3.152512
2

 7282961
2

[4]

1 

 

 

 

 

 

 

 

 

2

 [5]دذود اىَىاطفت  اىْخٍجت الإخخبار

 Specific Gravity    2.652 2.5 – 2.7انىصٌ انُىعً

  %3لا ذضٌذ عٍ   Absorption        2%َغثح الايرصاص

  %45لا ٌضٌذ عٍ  % Impact Value        23.96يعايم انصـــذو

  %45لا ٌضٌذ عٍ  % Crushing Value  23.67  يعايم انرهشٍـى   

  %4لا ذضٌذ عٍ  %2    َغثح انغًً وانغٍٍ
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2.71.4FM=

 

12

2.653.3405

1:1.52.17 

29488[6]

1031425

8pH= 

Superplasticizer

SikaViscocrete

Polycarboxylate

Slump Flow Test

6508007

0.82
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32

16

 w/cm0.375, 0.40, 0.425, 0.45

450
3

 51015

w/cm

650800 

 1:1

4855

[8]

 0.425w/cm = 

 (f/t = 0.4, 0.45, 0.5, 0.55)

 

 

 [9] :
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َغة خهظ يىاد انًدًىعح انشئٍغٍح : (2)خذول 

 اىَيذّّاث
وزُ اىَىاد % )

  (الإسَْخٍت

 (3ً/مجٌ)اىرماً  
 اىسٍيٍنافٍىً

 (3ً/مجٌ)

 الإسَْج

  (3ً/مجٌ)

 اىَــاء

  (3ً/مجٌ)
w/cm اىرماً  رقٌ اىخيغت

  اىْاػٌ

اىرماً 

  اىخشِ

1.8 918 918 

0 450.0 

168.8 0.375 1 

بذوُ 

 سٍيٍنافٍىً

1.5 903 903 180.0 0.400 2 

0.8 888 888 191.0 0.425 3 

0.8 873 873 202.5 0.450 4 

1.8 925 925 

22.5 427.5 

168.8 0.375 5 

5%  

 سٍيٍنافٍىً

1.5 911 911 180.0 0.400 6 

0.8 897 897 191.0 0.425 7 

0.8 882 882 202.5 0.450 8 

2.0 933 933 

45.0 405.0 

168.8 0.375 9 

10%  

 سٍيٍنافٍىً

1.7 920 920 180.0 0.400 10 

1.0 906 906 191.0 0.425 11 

1.0 893 893 202.5 0.450 12 

2.0 939 939 

67.5 382.5 

168.8 0.375 13 

15%  

 سٍيٍنافٍىً

1.7 927 927 180.0 0.400 14 

1.0 914 914 191.0 0.425 15 

1.0 901 901 202.5 0.450 16 

 

 َغة خهظ يىاد انًدًىعح انفشعٍح: (3)خذول 

 اىَيذّّاث
وزُ اىَىاد % )

  (الإسَْخٍت

 (3ً/مجٌ)اىرماً  
 اىسٍيٍنافٍىً

 (3ً/مجٌ)

 الإسَْج

  (3ً/مجٌ)

 اىَـــاء

  (3ً/مجٌ)

ّسبت اىرماً 

 (اىنيً/ اىْاػٌ)
اىرماً  رقٌ اىخيغت

  اىْاػٌ

اىرماً 

  اىخشِ

1.1 977 800 

0 450.0 

191 

0.55 17 

بذوُ 

 سٍيٍنافٍىً

0.8 888 888 0.50 18 

0.8 799 976 0.45 19 

0.8 710 1064 0.40 20 

1.2 997 815 

45.0 405.0 

0.55 21 

10%  

 سٍيٍنافٍىً

1.0 906 906 0.50 22 

1.0 814 995 0.45 23 

0.8 723.5 1085 0.40 24 
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3

EFNARC[7]

 

150150150

1983BS 1881- Part 116:[10]72890

ASTM C642: 2006[11]390

انرحقق يٍ قذسج انخشعاَح  : اىهذف

  عهى الاَغٍاب راذٍاً وذداَغها

   ذحذٌذ قغش انهثىطDS  

  ٍصيT50  

 VSI  اخرثاس ذقٍٍى ذداَظ

 انخهٍظ

 

انرحقق يٍ قذسج : اىهذف

انخشعاَح عهى انعثىس خلال 

 انعىائق كانرغهٍح 

J-Ring=DS-DJ 

 

دساعح نضوخح انخهغح : اىهذف

يٍ خلال ذعٍٍٍ صيٍ ذفشٌغها 

يٍ تىاتح خهاص يرغٍش الأتعاد 

(Tf)  

 

انرحقق يٍ قذسج : اىهذف

انخشعاَح عهى الاعرىاء انزاذً 

  خلال عثىسها يٍ انعىائق

L-Box =H2/H1 

 

 Ds = 

650~800 

mm[7] 
 T

50
= 2~5 

sec[7

] 
 VSI= 0-1 [1] 

 

 

J-Ring = 0~10 mm [7] 

 
Tf= 6~12 sec [7] 

 
L-Box = 0.8~ 1.0 [7] 

 

 إخخبــاراث اىخرساّت راحٍـت اىذٍل فً اىذـاىت اىيذّــت

 

DJ  
 

DS 
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Stability

345

َرائح انخىاص الإَغٍاتٍح نهًدًىعح انشئٍغٍح : (4)خذول 

VSI اىْضخ 
V-Funnel 

Test  (د) 

L-Box 

Test (H2/H1) 

J-Ring 

Test  (ٌٍ) 

T50 

 (د)

Slump 

Flow  (ٌٍ) 
w/cm رقٌ اىخيغت 

 1 0.375 730 3.7 10 0.89 10 يرىعظ 2

بذوُ 

 سٍيٍنافٍىً

 2 0.400 730 3.4 10 0.89 6.0 يرىعظ 2

 3 0.425 760 1.2 10 0.94 6.9 لا ٌىخذ 1

 4 0.450 770 1.0 20 0.81 5.0 لا ٌىخذ 1

 5 0.375 700 5.3 20 0.71 6.2 لا ٌىخذ 0

5%  

 سٍيٍنافٍىً

 6 0.400 690 4.0 10 0.64 6.0 تغٍـــظ 0

 7 0.425 750 1.2 20 0.88 4.0 لا ٌىخذ 0

 8 0.450 750 1.5 10 0.94 5.5 لا ٌىخذ 1

 9 0.375 700 3.2 30 0.76 7.3 لا ٌىخذ 0

10%  

 سٍيٍنافٍىً

 10 0.400 720 3.0 10 0.79 7.0 تغٍـــظ 1

 11 0.425 720 2.0 10 0.90 5.0 لا ٌىخذ 0

 12 0.450 720 2.0 10 0.92 4.0 لا ٌىخذ 1

 13 0.375 660 5.0 30 0.61 7.4 لا ٌىخذ 0

15%  

 سٍيٍنافٍىً

 14 0.400 720 2.0 10 0.75 5.0 لا ٌىخذ 1

 15 0.425 720 3.0 10 0.89 5.1 لا ٌىخذ 1

 16 0.450 720 2.2 10 0.90 5.0 لا ٌىخذ 1

 حىطٍــــــــاث أقـم قًٍح 650 2 0 0.8 6 - -

EFNARC[7]  - - 12 1.0 10 5 800 أعهى قًٍح 

 

 

Slump Flow

650-800[7]45

T50J-RingJ-Ring

154
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J-Ring

5

 

َرائح انخىاص الإَغٍاتٍح نهًدًىعح انفشعٍح : (5)خذول 

Slump Flow

650-800[7]45

T50J-RingJ-Ring

154

VSI اىْضخ 
V-Funnel 

Test  (د) 

L-Box 

Test (H2/H1) 

J-Ring 

Test  (ٌٍ) 

T50 

 (د)

Slump 

Flow  

(ٌٍ) 

 ّسبت اىرماً

 (اىنيً/اىْاػٌ)

f/t 

 رقٌ اىخيغت

 17 0.55 700 4.0 50 0.66 7.0 عــانً 2

بذوُ 

 سٍيٍنافٍىً

 18 0.50 760 1.2 10 0.94 6.9 لا ٌىخذ 1

 19 0.45 750 2.0 40 0.84 7.8 تغٍــظ 1

 20 0.40 730 3.0 30 0.60 7.0 لا ٌىخذ 0

 21 0.55 710 3.0 30 0.75 7.0 لا ٌىخذ 1

10%  

 سٍيٍنافٍىً

 22 0.50 720 2.0 10 0.90 5.0 لا ٌىخذ 0

 23 0.45 740 2.0 10 0.79 6.2 لا ٌىخذ 1

 24 0.40 720 3.2 30 0.66 7.3 لا ٌىخذ 0

 حىطٍــــــــاث أقـم قًٍح 650 2 0 0.8 6 - -

EFNARC[7] - - 12 1.0 10 5 800 أعهى قًٍح 

ذأثٍش ذغٍش َغثح انًاء نلإعًُد وانغٍهٍكافٍىو : (4)شكم 

 عهى قٍى انهثىط نهًدًىعح انشئٍغٍح

ذأثٍش ذغٍٍش َغثح انشكاو انُاعى نهشكاو : (5)شكم 

 انكهً عهى قٍى انهثىط نهًدًىعح انفشعٍح 
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J-Ring

5

L-Box0.8

EFNARC[7]

V-Funnel

EFNARC[7]6-12

67 7

2w/cm=0.4, SF=0%

28

6 

w/cm=0.375

690

0.3750.42500.40.45
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772890

 تشكم عاو 

8

6.46 - 5.76

10

9

Superplasticizer

14

0.450.50 .
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  أٌاو7يقاويح انضغظ عُذ : (أ/6)شكم 

 

  ٌىو28يقاويح انضغظ عُذ: (ب/6)شكم 

 

  ٌىو90يقاويح انضغظ عُذ : (ج/6)شكم 

 

  أٌاو7يقاويح انضغظ عُذ : (أ/7)شكم 

 

  ٌىو28يقاويح انضغظ عُذ: (ب/7)شكم 

 

  ٌىو90يقاويح انضغظ عُذ : (ج/7)شكم 

 

ذأثٍش اعرخذاو انغٍهٍكافٍىو عهى يقاويح انضغظ : (6)شكم 

 نهًدًىعح انشئٍغٍح

 

ذأثٍش ذغٍٍش َغثح انشكاو انُاعى نهشكاو انكهً عهى : (7)شكم 

 يقاويح انضغظ نهًدًىعح انفشعٍح
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ذأثٍش اعرخذاو انغٍهٍكافٍىو وَغثح انًاء نهًىاد : (8)شكم 

 الإعًُرٍح عهى َغثح الايرصاص نهًدًىعح انشئٍغٍح

 

ذأثٍش َغثح انشكاو انُاعى نهشكاو انكهً وانغٍهٍكافٍىو : (9)شكم 

 عهى َغثح الايرصاص نهًدًىعح انفشعٍح
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(Rheological Properties) (Viskomat NT)

(Yield stress)(Plastic viscosity) 

                        

Key words: Rheological properties, Viskomat NT, Excess paste thickness, mortar, cement paste and fine 

aggregate  

 



06-07/12/2010 

 

64 

 

1

 (Yield stress)(Plastic viscosity)

  .[2,1]

.[2]

.[3]

.[2]

.[6,5,4]

Viskomat NT(Flow 

curves) 

 

2 

(CEM1)

.S1S2  
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S3S41 

 

  

                                                    1 

 

1

[5,3]
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1.3 
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1

Sand type S1 S2 S3 S4 

Specific gravity 2.62 2.57 2.61 2.65 

Void ratio (%) 39.58 49.84 41.84 38.11 

Aerated 

density(kg/ ) 

      

1583 1289 1518 1640 

Specific Surface area 

(cm2/cm3) 

175.02 313.14 268.45 81.02 

(Hobart) 

2.3 

,

0.9:10.6:1

 (Hobart)    

 

4 

(Viskomat NT)(Flow curves)

 Viskomat NT

(Computer software) (N) 

T

 

T = g + h * N                                                            1

 

gh[7,1]
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1.4 

 

23

[10,9,8] 

2 

 

3  
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2.4 

1.2.4 

45

[8,7]

  S2

S4S2 

S4

0.9:1

0.6

. 

 

4 0.9:1 
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5 0.6:1

2.2.4 

67

 

 (Cohesiveness)[8,7]

  S2

  S4

 

6 0.9:1 
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70.6:1 

 

5 

4567

[6]

1940[4] 

[6,5,4] 

 

6   

(Relative 

rheological properties)[6,5]
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89

S2

0.60.55
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8  

(Electronic microscope)
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  AASHTO.T-88&T-90[1]

 2يى/اخهاد انكغش ٌ 3عى/انكثافح خىانغًك عى  2يغاحح انًقغع عىوصٌ انعٍُح خى سقى انعٍُح 

A1 2240 108.16 10.4 1.99  -

A2 1752 110.25 8.5 1.86 1.85

A3 1834 110.25 8.5 1.957 2.35

A4 2157 100 10 2.157 

 

B4 2258 110.25 10.5 1.95 1.54 

B5 2198 106.09 10.3 2.01 1.50 
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C7 2270 110.25 10.5 1.96 1.81 

C8 2342 110.25 10.5 2.02 2.13 

C9 2332 110.25 10.5 2.01 2.04 

C10 2498 106.09 10.2 2.30 1.93 

C11 2472 104.04 11.7 2.03 2.11 

1557ASTM4

A1.9898.3

B 202311.79

C 20219.52

 

ASTM D854

 

 

 

 

 

ASTM D422 
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Start weight = 200g  weight  after washing=126.8 grm Mix A 

Sieve number  Sieve size mm Cumulative grm Retained % Passing % 

4 5.0 4.20 2.10 97.90 

10 2.0  14.40 7.20 92.80 

12 1.18 22.20 11.10 88.90 

30 0.600  40.90 20.45 79.55 

40 0.425 56.40 28.20 71.80 

50 0.300 78.60 39.30 60.70 

100 0.150  108.60 54.30 45.70 

200 0.075 126.10 63.05 36.95 

Pan Pan 73.90 36.95 0.00 

7B

Start weight =  200grm weight  after washing = 138.8grm Mix = B 

Sieve number  Sieve size mm mass of accumulative Retained % Passing % 

4 5.0 20.80 10.40 89.60 

10 2.0  29.60 14.80 85.20 

12 1.18 37.60 18.80 81.20 

30 0.600  55.40 27.70 72.30 

40 0.425 70.60 35.30 64.70 

50 0.300 91.80 45.90 54.10 

100 0.150  120.80 60.40 39.60 

200 0.075 138.20 69.10 30.90 

Pan Pan 61.80 30.90 0.00 

8 C

 

Start mass =200grm  the mass  after washing= 105.4grm Mix = C 

Sieve number  Sieve size mm mass of accumulative Retained % Passing % 

4 5.0 1.80 0.90 99.10 

10 2.0  8.40 4.20 95.80 

12 1.18 15.20 7.60 92.40 

30 0.600  31.60 15.80 84.20 

40 0.425 44.80 22.40 77.60 

50 0.300 62.60 31.30 68.70 

100 0.150  87.20 43.60 56.40 

200 0.075 105.40 52.70 47.30 

Pan Pan 94.60 47.30 0.00 
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1.56150150150

13

1

 2251225

1

C1 NG100 2535016012060

C2 ND100 25350 160 606060

C3 N(G75,D25) 25350 160 90151560

C4 N(G50,D50) 25350 160 60303060

C5 N(G25,D75) 25350 160 30454560

2

C6 HG100 605001051206050

C7 HD100 60500 105 60606050 

C8 H(G75,D25) 60500 105 9015156050 

C9 H(G50,D50) 60500 105 6030306050 

C10 H(G25,D75) 60500 105 3045456050 
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excel file2

LVDT

2

3

3

410.3.6.2

ACI 318-2002 [12]4

3

 

fcu

2

C1 NG100 27.0

C2 ND100 29.3

C3 N(G75,D25) 26.0

C4 N(G50,D50) 27.9

C5 N(G25,D75) 27.5

C6 HG100 55.2

C7 HD100 62.5

C8 H(G75,D25) 60.4

C9 H(G50,D50) 57.0

C10 H(G25,D75) 63.0
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2

C6 HG100 55.21812.5 1880.5

C7 HD100 62.52023.5 2125.5 

C8 H(G75,D25) 60.41962.8 2038.0 

C9 H(G50,D50) 57.01864.5 2043.8 

C10 H(G25,D75) 63.02037.9 2067.2 
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943 2.95 14.0 1268 1.9 7.0 

629 2.92 13.4 423 1.76 6.9 

315 2.70 11.2 211 1.61 4.4 

0 1.97 11.5 0 1.29 8.2 
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7 3(CF2-A1-45)  84 (CF2-A1-30) 

      
2

) ( ) (%) 2
) ( ) (%) 

0 0.00 0.0 0 0.00 0.0 

189 0.56 4.4 211 0.58 3.2 

377 1.17 3.0 423 1.06 3.8 

566 1.70 6.2 634 1.56 4.1 

755 2.17 11.7 845 2.02 4.2 

943 2.54 14.4 1268 2.80 3.4 

755 2.52 13.8 845 2.78 3.2 

566 2.46 13.0 634 2.71 3.7 

377 2.30 11.7 423 2.61 3.6 

189 2.11 11.1 211 2.44 4.1 

0 1.20 18.0 0 1.84 5.9 

 

9 5(S-A1-45)  106 (CS-A2-45) 

      
2

) ( ) (%) 2
) ( ) (%) 

0 0.00 0.0 0 0.00 0.0 

189 1.03 6.6 189 0.79 4.6 

377 2.46 6.8 377 1.39 5.4 

566 4.51 3.5 566 1.80 8.3 

755 6.22 4.2 755 2.21 11.4 

943 8.25 2.1 943 2.48 14.6 

1101 9.25 1.8 755 2.48 14.9 

943 8.83 0.7 566 2.41 14.3 

755 8.41 2.0 377 2.25 13.3 

566 7.82 1.6 189 1.98 12.0 

377 7.48 1.8 0 1.13 14.1 

189 7.09 1.6    

0 5.10 2.3    

  

113

GWA-1-a6

GM A-2-6

5
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1

  

0.4512

0.334

2
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1234
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2

 

11

 
22

 

1CF1-A1-45 94323582.958.94

2CF1-A1-30 126844381.908.52

3CF2-A1-45 94323582.547.79

4CF2-A1-30 126844382.8012.56

5S-A1-45 110127539.2528.02

6CS-A2-45 94323582.487.51

 

1134
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approximation [interpolation] functions 

 Virtual work principle

Potential-energy theoremVariational approach

6

 Y.K.Chung  1968

 

Y. K. Chung  1976Kantorovich

 Levy

2

Stiffness approach
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yYyS m
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m
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 fm(x) 

wDeflection
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Interpolation parameters )LO2
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( )Y y   c
1

( )sin  y c
2

( )cos  y c
3

( )sinh  y c
4

( )cosh  y  

Simply supported plates 

Harmonics μm Orthogonality 

3 

 Spline Finite Strip Method 

Stiffness FormulationMixed 

Formulation7

 

: إسخْخاجاث دىه اىنفاءة اىذسابٍت ىيغرٌقت- أ

1

2

( )Y
m

y ( )sin 
m

y
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3

4

 

5

6

Mixed formulation 

7

812

3.9462

[5]

 

1,2

1

123

112

2:Szilard"The method is not always transparent"5

1
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1

عُذ يشكض انصفٍحح 
DOF 

ODD 

HR 

NST 

[full] my mx Wc 

0.054004 0.056082 0.0041396 4 1 

1 

[2] 

0.049451 0.054586 0.0040888 8 2 

0.050434 0.054850 0.0040929 12 3 

0.050089 0.054758 0.0040921 16 4 

0.050247 0.054801 0.0040923 20 5 

0.050162 0.054777 0.0040923 24 6 

0.050213 0.054792 0.0040923 28 7 

0.050180 0.054782 0.0040923 32 8 

0.050203 0.054789 0.0040923 36 9 

0.050186 0.054784 0.0040923 40 10 

0.051968 0.050158 0.0041108 6 1 

2 

[4] 

0.047439 0.048666 0.0040603 12 2 

0.048465 0.048973 0.0040645 18 3 

0.048050 0.048861 0.0040637 24 4 

0.048266 0.048913 0.0040639 30 5 

0.048170 0.048885 0.0040638 36 6 

0.048228 0.048902 0.0040638 42 7 

0.048190 0.048891 0.0040638 48 8 

0.048216 0.048898 0.0040638 54 9 

0.048198 0.048893 0.0040638 60 10 

0.051782 0.049572 0.0041096 8 1 

3 

[6] 

0.047240 0.048049 0.0040591 16 2 

0.048268 0.048358 0.0040633 24 3 

0.047892 0.048246 0.0040625 32 4 

0.048069 0.048299 0.0040627 40 5 

0.047972 0.048270 0.0040626 48 6 

0.048031 0.048287 0.0040627 36 7 

0.047993 0.048276 0.0040626 64 8 

0.048019 0.048284 0.0040627 72 9 

0.048000 0.048278 0.0040626 80 10 

0.051728 0.0049400 0.0041094 10 1 

4 

[8] 

0.047182 0.047863 0.0040589 20 2 

0.048211 0.048175 0.0040630 30 3 

0.047835 0.048062 0.040623 40 4 

0.048012 0.048115 0.0040625 50 5 

0.047915 0.048085 0.0040624 60 6 

0.047973 0.048104 0.0040624 70 7 

0.047935 0.048093 0.0040624 80 8 

0.047961 0.048100 0.0040624 90 9 

0.047943 0.048095 0.0040624 100 10 
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1 

 

 
 عُذ يشكض انصفٍحح

DOF 
ODD 

HR 

NST 

[full] my mx Wc 

0.051703 0.043932 0.0041092 12 1 

5 

[10] 

0.047156 0.047783 0.0040587 24 2 

0.048184 0.048094 0.0040628 36 3 

0.047808 0.047981 0.0040621 48 4 

0.047985 0.048034 0.0040623 60 5 

0.047888 0.048005 0.0040622 72 6 

0.047947 0.048023 0.0040622 84 7 

0.047909 0.048011 0.0040622 96 8 

0.047933 0.048019 0.0040622 108 9 

0.047916 0.048014 0.0040622 120 10 

0.051694 0.049250 0.0041107 22 1 

10 

[20] 

0.047144 0.047703 0.0040601 44 2 

0.048173 0.048014 0.0040643 66 3 

0.047797 0.047901 0.0040635 88 4 

0.047974 0.047954 0.0040637 110 5 

0.047877 0.047925 0.0040636 132 6 

0.047936 0.047943 0.0040637 154 7 

0.047898 0.047932 0.0040637 176 8 

0.047924 0.047939 0.0040637 198 9 

0.047905 0.047934 0.0040637 220 10 

 

Deflection wالراسي الانحراف تقارب  هنهجية   

0.004058

0.00406

0.004062

0.004064

0.004066

0.004068

0.00407

020406080100120

انحريت درجت

ف
را

وح
الا

ST=1 ST=2 ST=3 ST=4 ST=5 Exactُ تناظر



06-07/12/2010 

 

189 

 

Moment mxالعزم تقارب هنهجية 

0.0476

0.0478

0.048

0.0482

0.0484

0.0486

0.0488

0.049

0.0492

0.0494

0.0496

0.0498

0.05

020406080100120
انحريت درجت

m
x

ST=1 ST=2 ST=3 ST=4 ST=5 Exactُ تناظر ST=10

 

2mx

Moment myالتقارب هنهجية 

0.047

0.0473

0.0476

0.0479

0.0482

0.0485

0.0488

0.0491

0.0494

0.0497

0.05

020406080100120
انحريت درجت

m
y

ST=1 ST=2 ST=3 ST=4 ST=5 Exactُ تناظر ST=10

 

3my

2

NST x HR 

 
DOF 

With Uniformly distributed load 
with central concentrated 

load 

WA R.Error% (mx)A 

R.Error 

% 
(my)A R.Error% WA R.Error% 

1x1* 4 0.0041396  0.056082  0.054004  0.010635  

2x2 8 0.0040888 1.227 0.054586 2.668 0.049451 8.431 0.011142 4.767 

4x4 24 0.0040637 0.614 0.048861 10.488 0.048050 2.833 0.011485 3.078 

6x6 48 0.0040626 0.027 0.048270 1.210 0.047972 0.162 0.011549 0.557 

8x8 80 0.0040624 0.0049 0.048093 0.367 0.047935 0.077 0.011572 0.199 

10x10 120 0.0040622 0.0049 0.048014 0.164 0.047916 0.039 0.011582 0.086 

12x12 168 0.0040628 0.0148 0.047981 0.069 0.047915 0.002 0.011589 0.604 

Exact[Timo]  0.004062  0.04790  0.04790  0.01160  

multiplier  qa4/D  qa2  qa2  Pa2/D  

 

????%20?????%20SS-plate%20FSM.xls
????%20?????%20SS-plate%20FSM.xls
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1

Finite Element

HO3

 

[1] Y.K.Chung, Finite Strip Method in structural analysis, 1
st
 edition, PERGAMON Press, 

(1976) 

[2] Y.K.Chung  & L.G. Tham , Finite Strip Method , CRC Press , (1998) 

[3] Y.C.Loo & A.R.Cusens, The Finite Strip Method in Bridge Engineering, Alden Press 

Oxford , (1978) 

[4] M.S.Cheung,W.Li & S.E.Chidiac, Finite Strip Analysis of Bridges,1
st
 edition . E&FN 

SPON, (1996) 

[5] R.Szilard, ―Theory and applications of plate analysis, classical, numerical and engineering 

methods‖, John Wiley & sons, (2004) 

[6] J.N.Reddy, ‖Energy principles and variational methods in applied mechanics‖ ,second 

edition , John  Wiley & sons , (2002) 

[7] Abdarrahim .M.Ahmed, ‖Numerical analysis of plate bending based on stiffness and 

mixed formulation using trigonometric and spline functions‖, M.Sc. Thesis , (2007), 

supervised by Prof. Salah .Y.Barony ,University of Al-Fateh, Libya 
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2

[5]
Equilibrium Method

,
1 2
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2 22 2
1 2 2 2 3 1 2 3 3 1 2 2 5 1 5 6 2 1 4 6 1 2 4 1 21 4

1 1 2 3 3 2 4
1 2

1 3 2 4

[( ) ( ) ( ) ( ) ( ) ( ) ( . ) ]
---eq(6) 

(1 ) (1 ) (1 ) (1 )
6 [ ]

W a f f x f f x x b x x a f f x f f x x f . f x x b. f x
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x x

x x
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 u.m 1 393. KN.mlm

2
 .m 2 176I . KN .mlm

1 2 3
(   ), ,  

1 2 3
( =5.165m  =1.93m  =2.42m), ,     

u

1


1 2 3
(L 4 132m  L 1 544m  L 2.42m), , . .  

 α  ≥

α

α
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1

2  

1981

3

2008  

[4] Arthur H. Nilson, George Winter ,(Design of Concrete Structures), 11
th

 Edition.  

[5] Chu-Kia Wang, Chrles G. Salmon, (Reinforced Concrete Design), 5
th

 Edition. 

[6] L.H. Martin,P.C.L. Croxton and J.A. Purkiss,( Structural Design in Concrete )"to  

Bs8110". 

[7] Phil M. FERGUSON,( Reinforced Concrete Fundamentals) , 2
nd

 Edition. 

[8] WOOD R.H,( Plastic & Elastic Design of Slabs and Plates). 
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 دراست حأثٍر اىَيذّاث اىفائقت ػيى ٍقاوٍت وٍساٍٍت اىخرساّت

 عًش يحًذ تٍ عاعً/ د . أ

 أعرار انهُذعح انًذٍَح

 خايعح يصشاذح- كهٍح انهُذعح

omarbensasi54@yahoo.com 

 

 

  (superplasticisers)

 (capillary pores)

(air voids)

     

  

1

mailto:omarbensasi54@yahoo.com
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(water reducers)

superplasticizers

]2,1[

w/c0.28

100 MPa28[1]

w/c0.3

67MPa [3]

w/c

2
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3

181515153

( A,B,C )

1:2:3

0.5

1AA1A2(w/c)

1

َغثح انًاء إنى الإعًُد  انًدًىعح

(w/c) 

َغثح انًهذٌ انفائق إنى 

 %الإعًُد 

 عذد انًكعثاخ

A1 0.55 0.0 3 

A2 0.55 0.5 3 

B1 0.45 0.0 3 

B2 0.45 0.5 3 

C1 0.4 0.0 3 

C2 0.4 0.5 3 
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3.15

1:2:3

w/cA2

B2C21

13151515

2426

7

 

4

2
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2

 

 اىخيغت
w/c  ُّسبت اىَيذ

 % ٍِ

 الإسَْج

ٍخىسظ سرػت 

اىَىجاث 

 (د/مٌ)

ٍخىسظ ٍقاوٍت 

اىضغظ 

سٌ/مجٌ
2

 

ّسبت زٌادة 

 اىَقاوٍت

 (f2 –f1)/f1 

A1 0.55 0.0 4.02 270  

11% 

A2 0.55 0.5 4.30 300 

B1 0.45 0.0 4.10 289  

26% 

 
B2 0.45 0.5 4.50 363 

C1 0.40 0.0 4.23 284  

29% 

C2 0.40 0.5 4.50 367 

 

A2A1

A2

A12

A2B2C2A1B1C1
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2f1

f2

 

5

1 

 

2 

 

3 

 

4  

5 

 

 

[1] A. M. Neville , Properties of Concrete, Third Edition. 

[2] M. L. Gambhire, Concrete Technology, Second Edition. 

32006
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    Mohamed_zubi@yahoo.comMahmud2004f@yahoo.com

(123 kPa , 82 kPa , 41 

kPa )

mailto:Mohamed_zubi@yahoo.comEmail
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Sand–Sand Interface 
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Sand–Concrete Interface 
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         [5]- Randolph, M.F.,(The Axial Capacity of Deep Foundation in sand ), proceedings 

          international conference of calcareous sedments, perth, Australia, vol. 2, Balkema, 

         (1988), pages ( 837 – 857 ).
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(4)
(Watson and Oyeka)  

(1)(2)

:

K=K0 exp {A (W/C)}............. ( 1 ) 

 

4%  

K=K1 (W/C) + B     .............. ( 2 ) 

 

 
(3)

(Okpala)   

 K=K1 exp a1 (W/C)    ............. (3) 

K  

K0, K1, a1, A, B 

 

K=K2 exp aa (Ar) .......................(4)                       

 K  

 Ar  

aa , K2   

1

 (Frank smith) (1 

1 (Frank smith)

 R
2

   equation curve 

0.9136 = R
2

 fck = 1.4706 q
-0.1743 

30 MPa 

0.9974 = R
2

 fck = -7.0397 ln (q)- 69.068 20 MPa 

0.9993 = R
2

 fck = -6.7069 ln (q)- 62.511 18 MPa 

0.9979 = R
2

 fck = -4.2799 ln (q)- 32.849 25 MPa 
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 3:2:1 - أ
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 (W/C)0.5 2:2:1, 4:2:1, 

5.5:2:1, 5:3:1

 12 2(W/C)0.550.600.65

  124(W/C)0.550.600.65

 125.5(W/C)0.550.600.65

150150 150
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Kl= 0.68 (Kg) 1.06................. (8) 
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( Microsoft Excel ) 
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  Pors=7.83228 exp (w/c) +4.63295 (w/c) (fcu)
-0.3274

 + 1.40766...... (9) 

Pors = - 0.0006 exp (ab) +12.1664 (w/c)
 1.48816

 + 11.0811....... (10) 

Pors = - 0.0043 (fcu)
 2

 + 0.02391 (fcu) + 19.5453....... (11) 

Pors = -1.27358 (Ab)
 2

 + 11.8457 (Ab) – 10.2911........ (12) 

 w/c

fcu28 (MPa)

Ab28 

Pors28

 

Prm = 1.17456 Sin [(w/c) × (fcu)] – 0.28246 Cos (fcu) + 1.24068.... (13) 

 

Prm = 88.359081exp(w/c)–119.207226(w/c)(Ab)
o.o8283237

-79.584343..(14) 

Prm = o.00051 (fcu)
 2 

– (fcu)
-0.31548

 + 1.11593....... (15) 

Prm = 1.38906 (Ab)
 2 

– 9.61301 (Ab) + 16.4859....... (16) 

 Prm28

28 (md)
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                                   Immersion 

solution

Concrete mixing

ABBREVIATURE

100g cement+300g sand+150ml  of

distill water 
A1

100g cement+300g sand+150ml Of 

1%ethylene diamine 
E8

100g cement+300g sand+150ml Of 

1%Hydroxylamine 

100g cement+300g sand+150ml Of 

1%1,4diaminobutane 
B8

100g cement+300g sand+150ml of 

1%diethylamine 
D4

ASTM C192/C 192
[9]

0  5100
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3

H.C.PHalf – Cell Potential

11% NaCl 

1% D.E.A H.AE.DD.A.B1.4 30°C

Active 

tive or passiv

Passive

CCoonnddiittiioonn ASTM 

C876-80  

90%probability of corrosion 

An increasing probability of corrosion 
 

0%probability of no   corrosion              

CCoorrrroossiioonn  aaccttiivviittyy  

More negative than-350m  

Between-200mv and-350mv   

Less negative than-200mv   

HHaallff--cceellll  ppootteennttiiaall  rreeaaddiinngg  

vvss..  CCuu//CCuuSSOO44    
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1%H.C.P

pH = 8 – 12 

pH = 6.9 
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 ٍراجؼت اىجذوه اىسًٍْ

 اىَخابؼت اىفٍْت ىيَشروع

 حذقٍق اىَسخخيظاث

الإسخلاً اىْهائً 

شل 

ش 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 حسيٌٍ اىَىقغ ىيَقاوه

اػخَاد اىَخغغاث 

 انرفصٍهٍح نهرُفٍز
اػخَاد ػٍْاث اىَىاد 

 واىجهسة واىَؼذاث

 الإسخلاً الإبخذائً

 اىخخغٍظ ىؼَيٍت الإشراف
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   يحًذ انثاشايَىس.د

                              

أعرار يغاعذ  

ٌ سقذانً -انهُذعح انًذٍَحقغى  -كهٍح انهُذعح - تانضاوٌحانغشتًخايعح اندثم  

elbashaaustralia@yahoo.com.au 
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Compression Failure 

Helical Confinement

Rectangular Tie

Confined Concrete

Helical PitchHelical Diameter

yield strength of helical steel
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Helical pitch is Variable 
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Helical pitch 25 mm 
Helical pitch 50 mm 

Helical pitch 75 mm 
 

Helical pitch 100 mm 
 

Helical pitch 160 mm 
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32

(HSC105

 (Electrical Resistance Strain Gauges) 

Embedment gauges 

 (LVD ts, linear variable differential transformers

40

Smart System installed in PC computer) ) 

3

12

 انًقاويح

12HP25, 12HP50,12HP75,12H100,

12HP25

372kN411kN

240Ductile failure16012HP

0.0034413kN

kN150Brittle failure

160

0.003
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Beam 

specimen 

Load at 

cover 

spalling 

off, kN 

Failure 

load, kN 

Yield 

deflection 

y, mm 

Ultimate 

deflection

u, mm 

Displacement 

ductility index 

uy 

12HP25 

 

372 411 40 240 6 

12HP50 

 

386 340 35 193 4.6 

12HP75 

 

388 310 32 65 2 

12HP100 

 

398 260 33 52 1.6 

12HP160 

 

413 

 

150  38 38 1 

Beam specimen 

 

 

Measured top surface 

strain just before 

spalling off concrete 

cover 

12HP25 

 

0.00324 

12HP50 

 

0.00324 

12HP75 

 

0.00336 

12HP100 

 

0.00336 

12HP160 

 

0.0034 
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3

12HP25,12HP50,12HP75,12H100,

12HP160

160

(The confinement effect is negligible when the helical pitch is equal or greater than the core 

diameter for helically confined beams). 
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Volumetric Ratio of Helical Steel

where h  is the total  volumetric ratio of helices; gA is the gross area of the section; cA is the 

area of the core; 


cf is the concrete compressive strength and yhf is the yield stress of helical 

reinforcement. 

4

 انًقاويح

4200300
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255075100
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(Calgaro & Lacroix, 1997)
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poreuse( action du gel) 

2 1.2 
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122E 33U 
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3.3.1
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32E

 

 

 

هو هْاك خغر فً اىظهىر 

اىسرٌغ ىيؼٍىب اىخغرة 

 فً اىَْشأ؟

 2طْف  2Eطْف 

 لا َعى

هو هْاك اسخؼجاه فً 

الإطلاح راجغ ىضؼف 

 قذرة اىخذَو

 3طْف  3Uطْف 

 لا َعى
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21220

  

20

 

20

  

     

 1 2 3 1 2 3 1 2 3 

1 0.200 0.100 0.200 0.010 0.000 0.000 0.000 0.000 0.000 

2 0.100 0.200 0.350 0.000 0.000 0.003 0.000 0.000 0.000 

3 0.200 0.100 0.600 0.000 0.000 0.001 0.000 0.000 0.000 

4 0.100 0.110 0.300 0.010 0.003 0.005 0.000 0.000 0.000 

5 0.150 0.500 0.150 0.005 0.001 0.000 0.000 0.000 0.000 

6 0.200 0.400 0.400 0.010 0.000 0.000 0.000 0.000 0.000 

 0.158 0.235 0.333 0.006 0.001 0.002 0.000 0.000 0.000 

D 

0.242 0.003 0.000 

 0.200 0.500 0.600 0.010 0.003 0.001 0.000 0.000 0.000 

P 

0.433 0.005 0.000 

S 

1.789 1.750 0.000 

PR 

0.0121 0.0001 0.0000 
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31210

1210 

  

 

  

     

 1 2 3 1 2 3 1 2 3 

1 0.200 0.530 0.500 0.001 0.010 0.000 0.000 0.000 0.000 

2 0.550 0.930 0.300 0.020 0.006 0.020 0.000 0.010 0.001 

3 1.000 0.950 0.850 0.040 0.040 0.010 0.000 0.000 0.000 

4 0.920 1.000 0.900 0.050 0.030 0.020 0.000 0.001 0.002 

5 1.000 0.220 0.800 0.000 0.000 0.010 0.001 0.000 0.000 

6 0.500 0.340 0.950 0.020 0.000 0.000 0.001 0.001 0.000 

 0.695 0.662 0.717 0.022 0.014 0.010 0.000 0.002 0.003 

 
0.691 0.015 0.002 

 1.000 1.000 0.950 0.005 0.006 0.020 0.001 0.001 0.002 

 
0.983 0.010 0.001 

S 

1.423 0.671 0.750 

PR 

0.06910.0015 0.0002 
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41410 

  
  

 
    

 1 2 3 1 2 3 1 2 3 

1 1.170 0.150 0.100 0.030 0.020 0.010 0.000 0.010 0.000 

2 0.250 1.100 0.150 0.040 0.020 0.020 0.000 0.000 0.000 

3 0.500 0.400 0.200 0.090 0.010 0.040 0.010 0.000 0.020 

4 0.200 1.200 0.400 0.030 0.040 0.020 0.020 0.000 0.010 

5 1.000 0.300 0.400 0.100 0.030 0.030 0.020 0.010 0.000 

6 0.100 0.250 0.250 0.005 0.050 0.010 0.030 0.020 0.020 

 
0.537 0.567 0.250 0.049 0.028 0.022 0.030 0.020 0.020 

D 

0.451 0.033 0.023 

 
1.170 1.200 0.400 0.100 0.050 0.040 0.050 0.050 0.030 

p 

0.923 0.063 0.043 

S 

2.047 1.916 1.857 

PR

10

 

0.0451 0.0033 0.0023 
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51210

  

20

 

20

  

     

 1 2 3 1 2 3 1 2 3 

1 0.200 0.100 0.200 0.010 0.000 0.000 0.000 0.000 0.000 

2 0.100 0.200 0.350 0.000 0.000 0.003 0.000 0.000 0.000 

3 0.200 0.100 0.600 0.000 0.000 0.001 0.000 0.000 0.000 

4 0.100 0.110 0.300 0.010 0.003 0.005 0.000 0.000 0.000 

5 0.150 0.500 0.150 0.005 0.001 0.000 0.000 0.000 0.000 

6 0.200 0.400 0.400 0.010 0.000 0.000 0.000 0.000 0.000 

 0.158 0.235 0.333 0.006 0.001 0.002 0.000 0.000 0.000 

D 

0.242 0.003 0.000 

 0.200 0.500 0.600 0.010 0.003 0.001 0.000 0.000 0.000 

P 

0.433 0.005 0.000 

S 

1.789 1.750 0.000 

PR 

0.0121 0.0001 0.0000 
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[5] Herbert H .Uhlig, "Corrosion and Corrosion Control", John Wiley, (1980).                                                                                                     
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  [1 ]  Capping layers

Capping layers 

 

  Road Note 29 3

 Road Note 29Capping layers

Capping layers

. 

Keywords:  capping layers , pavement design , weak soil , C B R, Road note 29.
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1 

 Capping layers  

Flexible  RigidSub-grade

53

 [2] Technical Memorandum No. H6/781978

 Road Note 29

2150

 Sub-gradeTechnical Memorandum No. H6/78 1978

 Road Note 29 a guide to the structural design of pavements for new roads[2]

 

 Block cracking    Alligator-Fatigue cracking 

  PatchingPotholes   Depression 

Shoving   Rutting 
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 Capping layers  

Capping layer 

3

29

[1] 

31  

[4]

  



06-07/12/2010 

 

315 

 

 

 



06-07/12/2010 

 

316 

 

 

 

 

 

 

 

 

 

 

1 



06-07/12/2010 

 

317 

 

 
2  

 
3 

 

 



06-07/12/2010 

 

318 

 

 
4

 

5 

 



06-07/12/2010 

 

319 

 

 
 

6 

 

7 



06-07/12/2010 

 

320 

 

8 

 

 
 

9 



06-07/12/2010 

 

321 

 

 

10 

 

1 

 

Can No. 21 28 42 55 57 

Wt. of wet soil+ can   gms 100.07 74.44 131.49 141.68 121.06 

Wt. of dry soil+ can   gms 94.66 69.45 118.91 128.06 106.12 

Wt. of can  gms 20.98 21.04 21.15 20.92 21.30 

Wt. of dry soil  gms 73.68 48.41 97.76 107.14 84.82 

Wt. of moisture  gms  5.41 4.99 12.58 13.62 14.94 

Water content  % 7.34 10.30 12.86 12.71 17.61 

2 

 

Wt. of soil +mold 8319 8450 8690 8712 8678 

Wt. of mold 6679 6679 6679 6679 6679 

Wt. of soil in molds     gms 1640 1771 2011 2033 1999 

Wet density  KN/CM 3 16.97 18.32 20.81 21.40 20.68 

Dry density   KN/CM 3 15.80 16.60 18.43 18.66 17.58 
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3 

 

Penetrations   m m  Load gauge  Load gauge  x  0.0363 

 

0 0 0 

0.5 1 0.0363 

1 2 0.726 

1.5 3 0.108 

2 3.5 0.127 

2.5 4 0.145 

3 4 0.145 

3.5 4 0.145 

4 4 0.145 

4.5 4 0.145 

5 4 0.145 

 

12(CBR) 

 

 

4 

 

Penetration   m m Force KN Standard Force KN C.B.R.  % 

2.5 0.145 13.2 1.1 

5 0.145 20 1.1 
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5 

 

Penetration m m Load gauge Load gauge x 0.0363 KN 

0 0 0 

0.5 0 0 

1 1 0.0363 

1.5 1 0.0363 

2 2 0.0727 

2.5 2 0.0727 

3 2 0.0727 

 

6

Penetration m m Force KN Standard Force KN C.B.R. 

2.5 0.0725 13.2 0.55 

5 0.0725 20 0.55 

4

41

29

40

3501

29

41978

0.55 
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Nomo graph 

12.50

Technical Memorandum No. H6/78  1.25

2501000

15.62529

11[1] Rolled Asphalt 

 Surfacing     

 Rolled Asphalt Road Base  

 Sub-base  

 Sub-grade 

Surfacing = 100 m m , Binder = 60 m m , Wearing = 40 m m

Rolled Asphalt Road Base = 132 m m 

Sub-base = 670 m m  

Total thickness = 902 m m 

 

42   
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1014

40

4

350

0.55

1014 

15.625 S 7  

  Technical  Memorandum No. H6/78625

7502

150 [2]

 

 Surfacing                                     

 Rolled Asphalt Road Base  

 Sub-base  

 Capping layer 

 Sub-grade 

 

 Surfacing   =  100 m m  , Binder = 60 m m  , Wearing = 40 m m                                

 Rolled Asphalt Road Base  = 132 m m 

 Sub-base = 150 m m  

 Capping layer  = 750 m m  Total thickness = 1132 m m 
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Capping layers    Road Note 29 

3

0.55

29

TRRL Report 1132 

 . 

4 Capping layers

 Capping layers 539452.749

 Capping layers544815.262 
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33.6034.03 
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53

  Durability

 

  

 

[1] Road Note 29 a guide to structural design of pavement for new roads , third edition R R L, 

London 1978

 

[2] Technical Memorandum No H6/78  , road pavement design T R R L , London 1978

 

3

2008

 

[4] David Crony ― The design and performance of road pavement ― Transport and road 

research laboratory , 1977 London

 

52008 
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1] [5Capping layers

Item Description Unit Price LD Quantity Total 

 1 Provided lay and compact sub-base 

materials 670 m m compacted 

thickness 220 m m each layer  

 

 

M2 

 

 

 11.280 

 

 

16007.50 

 

 

 

180564.600 

2 Provided lay and compact Rolled 

asphalt Road base 132 m m thickness 

 

M2 

 

7.530 

 

16007.50 

 

120536.475 

3 Provided lay and compact binder 

coarse 60 m m thickness 

M2  

8.490 

 

16007.50 

 

135903.675 

4 Provided lay and compact wearing 

coarse 40 mm thickness 

M2  

5.327 

 

16007.50 

 

85271.952 

5 Provided and sprayed M C O 1.5 

KG/M2 

M2  

0.608 

 

16007.50 

 

9732.560 

6 Provide and sprayed R C 2 0.5 

KG/M2 

M2  

0.800 

 

16007.50 

 

12806.000 

 

16859.5

544815.262

 

2[5] Capping layers

Item Description Unit Price LD Quantity Total 

 1 Provide lay and compact sub-base 

materials 150 m m compacted 

thickness 

 

 

M2 

 

 

3.760 

 

 

16007.50 

 

 

60188.200 

2 Provide lay and compact Rolled 

asphalt Road base 132 m m thickness 

 

M2 

 

7.530 

 

16007.50 

 

120536.475 

3 Provide lay and compact binder 

coarse 60 m m thickness 

M2  

8.490 

 

16007.50 

 

135903.675 

4 Provide lay and compact wearing 

coarse 40 mm thickness 

M2  

5.327 

 

16007.50 

 

85271.952 

5 Provide and spray M C O 1.5 KG/M2 M2  

0.608 

 

16007.50 

 

9732.560 

6 Provide and spray R C 2 0.5 KG/M2 M2  

0.800 

 

16007.50 

 

12806.000 

7 Provide lay and compact capping 

layer material 750 m m thickness  

 

 

M3 

 

 

9.580 

 

 

12005.625 

 

 

115013.887 

16859.5 

539452.749
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Steel plates 

FRP 

Thermal compatibility  

Ductile failure

 

1 
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30

1] [

[2]

[3]

epoxy

epoxy
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FRPFRP  

1000-2000MPaSG 

1.3-1.5

FRP

glass fibres

carbon fibresaramid fibres

[4]

FRPepoxy

FRP

[5]FRP
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 MDFSIFCONDSP RPCCRCECC CARDIFRC 

fracture energy

[6],[7],[8],[9].[10]

 

2

84(without shear reinforcement)

four-point bending

Control beams)

Sikadur-311

21

   HPFRCC CARDIFRC

2001Karihaloo et al

Patent No. GB 2391010
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1

1

1030mm16 mm

50Hz24

90

22

Sikadur-31

HPFRCC strip 

B 

B B

B 

A

A 

A 

A 

Transducers 

1200 mm 

1030 mm 
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1

Constituents (kg) Mix   

Cement 855  

Microsilica 214  

Quartz sand: 

                         9-300m 

                         250-600m 

 

470 

470 

 

Water 188  

Superplasticizer 28  

Fibres: -6 mm 

-13 mm 

390 

78 
 

Water/cement ratio 

Water/binder  ratio 

0.22 

0.18 
 

2

Material properties  

Indirect tensile strength (MPa) 28.6 4.5  

Compressive strength (MPa) 207.0 56.1  

3

Sikadur 31

23

28
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75PRE-CRACKING

3Sikadur 31

 

Material properties  

Modulus of Elasticity (BS 6319) at 7 days 

 
5.8 GPa 

Compressive Strength (BS 6319) at 7 days  55 MPa  

Compressive Strength (BS 6319) at 24 hours  35 MPa  

Tensile Strength (BS 6319) at 7 days 6 MPa MPa6  

Flexural Strength (BS 6319) at 7 days MPa22  

Adhesion to Concrete MPa3.5  

 Sikadur-31

24

3

6CF-1

stiffness11 kN

16 KN

39 KN3.5mm

yielding of steelstrain hardening

Dominant crackflexural cracks

shear and 
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flexuralCF-2CF-1

repaired beams6

RF-147.4kN

26kNpre-cracking

40kN

47.4kNflexure 

failure  RF-2RF-1

49kN

51.6kN2

4

20 kN

CS1  CS2

711kN yielding  

41kN

7

flexural failure

3

45.64kN51.5kN
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RF-2

4four point bend 

 
 

P 

(kN) 

 

(kN) P 

% 

δ (P=20) 

(mm) 

δ (P=30) 

(mm) 

δ P20 

------------- 

δ P20 

δ P30 

------------- 

δ P30  

CF-1 40.20 
39.92 

 1.34 2.43 - - S-F 

CF-2 39.64  1.29 2.39 - - S-F 

RF-1 47.39 
49.49 

17.89 0.34 0.61 0.26 0.25 F 

RF-2 51.6 28.36 0.39 0.77 0.30 0.32 S 

CS-1 45.10 
45.64 

- 1.38 2.40 - - F 

CS-2 46.18 - 1.34 2.32 - - F 

RS-1 49.80 
51.50 

9.11 0.32 0.74 0.24 0.31 F 

RS-2 53.20 16.57 0.35 0.64 0.26 0.27 F 

5

20 kN

23

4
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420kN5 

67

  

 Ductile failure Brittle failure 

 Delamination 
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1

1[5]1

                

ذفرد انغغاء انخشعاًَ نحذٌذ انرغهٍح تأحذ أقىاط انقًشاخ 1انصىسج سقى 

                

2

1

 

2  
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1 

 انًىقع

انكرهح 

15 

** ذهف عثقح انهٍاعح* ذفرد انغغاء انخشعاًَ

ذهف عثقح 

 انغلاء 

تانىاخهح 

الأيايٍح 

 

 

يرىعظ عًك 

انغغاء 

انخشعاًَ يى 

الأعًذج الأقىاط انقًشج 
الأقىاط 

الأعًذج 
انحىائظ 

الأقىاط 

الأعًذج 
 Cc1 Cc2انحىائظ 

 35 40خضئً كهى خضئً خضئً  √ √ 15- 84

 25 50 خضئًكهى  Χخضئً  √ √ 15- ج2

 20 45خضئً كهى خضئً خضئً  √ √   15- 17

 25 40خضئً كهى خضئً خضئً  √ √ 15- 16

 40 60خضئً كهى خضئً خضئً  √ √  15- 124

 5 25 خضئًكهى  Χخضئً  √ √ 15-ج1

 35 45خضئً كهى خضئً خضئً  √ √ 15- 91

 25 75خضئً كهى خضئً خضئً  √ √ 15- 90

 25 40خضئً كهى خضئً خضئً  √ √ 15- 27

 15 60خضئً كهى خضئً خضئً  √ √  15- 26

 40 50 خضئىكهى  Χخضئً  √ √ 15- 39

 0 45 خضئىكهى  Χخضئً  √ √ 15- 38

√Χ

Cc1Cc2

2

1.2

1.1.2 (rebound hammer )
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3ASTM C805[1,7]

 

 

 3

2.1.2Half cell potential test[1,7]

ASTM C876

2,1

1

copper/copper sulfate

3 1

4

28  

[1]
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2.2

1.2.2[1,9]

2.55

45

2.2.2 pH

 [1,5]

              

3 

1.3

 ASTM C8052

1

2

15

A3A1 A0 A2 A4** *C1C0 C2 

14650464847475555

24250505047474748

1752504847524648485050

16505049464648484444

  



06-07/12/2010 

 

357 

 

 
1

2.3  

 ASTM C8763

15

3-ve mV

15

A3A1 A0 A2 A4 C1C0 C2 

1405382450425491405

2483393455457460491

17455500450430430350401

16270365350168

124480416462441500295

3.3 

4.3

ACI C2224

15
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4

15

255050

391550700.04780.04780.0668

841540600.03040.05660.0376

901575750.01360.00960.0256 

281550620.01450.01260.0122 

5.3pHconductivity

PH 

5

21550600.0097 

1241560950.02020.0180.0074 

5pH

 

901528151241534

PH 10.710.711.011.611.011.1

µs.cm7542997582578647839

6.4

ACI C222 6

615

15

255050

391550700.4880.3800.388

841540600.4840.4200.196

901575750.2560.2520.205 

281550620.5840.3520.468 

21550600.164 

1241560950.4720.2640.300 
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5

 

[4,6]

[4]

[4,6]

[4]

6 

 

 

6

200

50[4,2]126
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400350

90[2,4]

63915

[8]0.388

 [6] PH125

2587μs.cm
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7

[2]

 

7  

 

 

3

0

20

40

60

80

متىسط انقيم

يت
ير

قذ
نت
 ا
ط
ضغ

 ان
مت

او
مق

2
مم

 /
ه 

ىت
وي
 

 

 الإرحذادة نهخرساَت انًخخبرة بًطرق  يىضح يخىسط قيى يقاويت انضغط3انشكم رقى 

 

 

 

1
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26]2 [

[3]

8

 

[6,8]  [6,8]

9

89
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5

1.5

1 

 

2 

3 

 

4 

 

5  

6 
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