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אאW 

אאאא،אאאK
אKאאאא

אK


אאW
אאאאא W

• אא 
• אאאא
• אא 
• אאאא 
• אא 

אאאW
אאאאא

،אאאK
אאאאאא،

אאאאאK


אאW
F4EאF4EאK

אאW
• K
• אאאאאאאK 
• K 
• אאאאK 
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1Jאאא


1-1-W
א،אאא

אאMonomineral Stoneא
אPolymineral StoneK



1-2-אWRock Classification
אW

1-2-1-אאא : Igneous Rocks 
אאאאMagmaאא

KאאאW
♦ אאWאאאאא

אאאGranite  
♦ אאWאאאאא

،אאאBasalt 
♦ אאWאאאFאE،

אאאאאא
PorphyreK

1-2-2-אאSedimentary RocksW
אאאאא

אא،אא،אאאאK
אאאאאאW

♦ אאאWאאK
אאאאאFא،א،אE

،א،אאאK 
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♦ אאאWאאאא
אאאK 

♦ אאאWאאאאאא
אאאאאK 

אאאאLimestoneאא
אK

1-2-3-אאMetamorphic Rocks W 
אאאאא

KאאאאאK
אאMarble אאאQuartziteא

אSlateK


1-3-אMarbleW
1-3-1-אW

א،א،
אאאFאCalcite،אDolomite،א

?א?SerpentineאאTraventineKE
אאאאא،א

אאאאK


1-3-2-אאW
،אאאאאאאא،W

♦ אאW5٪אK 
♦ אאW5٪40٪אK 
♦ אאOnyx MarbleWאאא

אאא،אא
אאאאאא

אאאK 
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♦ אWFאE
אאK 

♦ אאאאWFEK 
♦ אאWאא

אאאאא
אK 

אאW
♦ אאW،،אK 
♦ K 
♦ W،،،،K

אאK 


1-3-3-אאW
♦ אWאאאאאאאK

אאאאאאK 
♦ אאWאאא0.2٪K 
♦ אאWאא2.6L3K 
♦ אWא52L2K 
♦ אAbrasion ResistanceWא10K 
♦ אHardness ModulusWאF3E

אK 


1-3-4-אאW 
אW

♦ אאאCladdingWK 
♦ אK 
♦ אWאאאאK





א104אא
אאאאאאאא

 
 

- 5 - 

1-4-אBuilding StonesW
1-4-1-אW
אאאאKאא

אאא،אאאKא
אאאאאאLimestoneKא

אDolomiteאאK


Wאאאאא
1- אאאאאאאאK 
2- אאאאK 
3- אאאאאא

אK 
4- אאאאאאאא

אאK 
5- אאאאK 
6- אאאאאאא

אK 
7- אאאאK 



1-4-2-אאW
אא،אאא

אאK،אאאאאאSoft and Hard 

Limestone UnitאאW
♦ אאאCrystalline Limestone 
♦ אאאDolomitic Limestone 
♦ אאאChalky Marl Limestone 
♦ אאאSilicated Limestone 
♦ אאאFאEPhosphoric Limestone 
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♦ אאאNumuletic Limestone 


1-4-3-אאW
אאאW

♦ אFASTM C179WEאW 
o אWאאא55L2 
o אWאאא28L2
o אWאאא12L2 

♦ אאFASTM C97WEא،،א
W3،4.2،7.5٪אאKאא

אאאאאK 
♦ אאFASTM C97WEאאאא2.162.56L3K

אאאאאאאא
אאאאK 

♦ א Abrasion ResistanceFASTM C241WEאא
אאאאאא

אאאK
אאאאאאאKאאאא

אאאא10אK٪ 



 ASTM "American Society for Testing and Materials"אאאאא??
אאא1898א

Charles Benjamin DudleyKאאא
אאאאאKא

אאאאאא12000א
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77אKאא100
K

 

1-4-4-אאW
אאW

♦ אאWאאא
Course AshlarsאRandom Ashlars،

،אאK 
♦ אאWאאאא

אK


1-5-אAggregatesW 

1-5-1-אW
אאאאא א  

אאאKאאאאא
א75٪אאK

אאאאW
♦ אאאאאאא

אאאK 
♦ אאאאאאאFאKE 
♦ אאאאאאא،

אאK 


1-5-2-אאW
1-5-2-1-אאאא،אאW

♦ אאWאאאאא
אFE،

אאאאK 
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♦ אאCrushed AggregatesWאאאא
אאא،אאK

1-5-2-2-אאLightweight AggregatesWW
♦ אאVolcanic ScoriaאאPumiceK 
♦ אאClay  ExpandedאאאSlagK 

אאאאאאK
1-5-2-3-אאHeavyweight AggregatesWאאא

Kאאאאאאא


1-5-3-אאW
1-5-3-1-אאאW
א

♦ אאZ——————L3F1-1E 
א 

אאאאאאK
אאאא2.52.75L3 

אאאאאאK
אאא1.51.85L31.61.8L3K

אא
♦ אאאZ——————C100٪F1-2E 

אא


אא
אאאZ1–——————C100٪F1-3E

אא
א–א
♦ אאZ————————————C100٪F1-4E 

א
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1-5-3-2-אW
אW

JRoundאאאK
JIrregularאאK
JאAngularאאK
JFlakyאאK
JElongatedאאאאK
JFlaky and ElongatedאאK

אאאאאאאK
אא10א15٪אאאK



אW
JGlassyאאאK
JSmoothאאאאK
JGranularאאK
JRoughאאK
JCrystallineאאאK
JHoneycombedאאK

אאאאאKאא
אאאאאא

אK
1-5-3-3-אאAggregate GradingW

אאאאאא
אF1EאFא2E،

אאKא
אאFאאE،א

אאאFאאאאF1KEE
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א1Wאאא2Wא



אF1WEאא2000

אFEאאאFEאאE٪FאאE٪F
4.7545298
2.362231189
1.185042575
0.69434753
0.315447723
0.151819919
0.0751918964
20001000

 
אאאאאאא

אאאאK 
 

ويرسم منحنى التدرج الحبيبي الذي يمثل فيه خط الصادات النسبة المئوية المارة من المنخل وخط 

 )).3(نظر الشكل ا (اريتمياًوعادة يتم تمثيل خط السينات لوغ. السينات فتحات المناخل
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 منحنى التدرج الحبيبي للرآام الصغير) : 3(شكل ال
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אאאאאW 
o אאGraded Aggregatesאאא

אK 
o אאאWell Graded Aggregatesאאא

אאאאK 
o אאאGap Graded Aggregatesאא

אאK 
אאאא

אאאאאא
אאאאK

 

אאWאאאאא
אאאאא

אאאא،
אאאאאאאא

אאK
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אFineness ModulusW 
א،אאאאאK

אאK
אAbramsאאאאאאא

א100KאאאW0.15–0.3–0.6–1.2–
2.4–4.75Kאאא{א23.2

58KאאאאאFZ2H11H25
H47H77H91LE100Z2.53


אאאאMaximum Aggregate SizeW 
95٪אאאKא

אאאאאא،
אאאאאK

אאאא37.519אאK
אאאא150א{אא

150K
אאאW1L5אאא{1L3

אא{3L4אאKאא
אאאאK



1-5-3-4-אאאW
JאThe Crushing Strength W 

אאAggregate Crushing Value ACVא
אאאא2.5،א40

K
JאThoughness of AggregatesW 

אאאאאאא25א25K
אא2אאא
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אאאKא
אאאK


א4Wא

JאFאא(Los Angeles AbrasionW
אאאאאKאא500

{א1.4K


5Wאא
אאאW

אא1.4א
אZ——————————C100F1-5E

אא
א40אאK



1-5-4-אאאDeleterious Substances in AggregatesW 

אאאאאאW
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♦ אאK 
♦ אאK 
♦ אאK 
♦ אאK 


JאאאFאאEClay and other Fine Material :א
אF0.063E،א{

אא{אאK
א{אאאK

אאאאאא{א
א{אא

אאאאKאאאאאאW5٪
3–4٪א2٪K



JאאאOrganic ImpuritiesWאאאאK
אאאאאאא

Kאא{אא
אא?אאאאאK?


JאאאאSalt and Sugar ContaminationWאא

אKאאא
،אאKאFאאE

7،28Kאאא15٪א
אאK



JאWאאא
אאאאאא

אKאאאK
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אאאאאא1
٪אאא105K


JאאAlkali Aggregate Reaction Wאא
א{אאאא

א{אאאא
אKאאKאאא

אאאאא0.6٪
אK



1-5-5-אאW
א{א{W

1JאאK
2JאאאאBaseא

אSub BaseK 
3JאאK 
4JאK


1-6-W

1J؟אא  
2Jאא؟א
3Jאא؟אא
4J؟אא 
5Jאאאא؟؟א
6Jא؟אא
7Jאאא{אW
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אFEאאאFE1אאאFE2
4.755428
2.36245165
1.18498255
0.6962625
0.314881052
0.1518741645
0.07519251895
20002000

Jאאא1א2؟
J؟א
Jא؟א؟א
8JאFאאEא{א

W
אאאFEאא1,4אFE

150002950
250003900

Jאא
Jא؟א؟
9Jא؟אאאא؟אא 





 

 

אא  

אאאאאאאאאא  


א
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אאW 

אאאאאאאK
אאאאK


אאW

אאאאאW
• אאאאאא 
• אאאא 
• אאK
• אאK 
• אאאאאאאK 

 

אאאW
אאאא{א

אאאK


אאW
4א4אK


אאW

• K
• אאאאאאאK 
• K 
• אאאאK 

 
אאW

אאאאאK
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2JאCement

2-1-אW 

אאא{
א{אאאF

אKE
אFCaOEאFSiO2E
אFAL2O3EאFFe2O3EאאK


2-2-אW 

אאא75٪25٪אKא
אאאאאK

אאאאW
1EאאאW

אKאאאאאא
1050Kאאאא{א

אאW
♦ אאWאאSlurryא32–40٪אK

אאאאאKאאא
אאK

♦ אאWאאאא
אאK 

♦ אאWאאאא{
אאאאאאאא15אK 

♦ אאWאאא{אא
PowderKאא{א60٪

 KאאאאאKאאאא
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2EאW
אאאאFEאSilosKא

אאאFאא
אאאKEאא

אK
3EאW
א45אאאא950ºK

אא1480ºKאאאאא
אF2–5°E{א1–2אK

א570K
אאאW

♦ אאCaCO3אCaO950ºK 
♦ אאאFאאאאEאא

1250º1350ºK 
♦ אאאאאאW 

o אC3S 
o אC2S 
o אC3A 
o אC4AF

אאאאאאClinkerאא
3–25Kאאא100–

200º{אK
4EאW

אאא3–5٪FEאK
א{אאאא

K
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אאא50{א
אאאאאאאK



 
א6Wא

2-3- אאW 

אא{אאאאאK
אאאאF5EאF2EW

אF2EWאאאאאא
אאא
1

Type 1 


Ordinary Portland Cement 
א

2
Type 2 

א
Moderate Sulphate Resisting Cement 

אא
אא

3
Type 3 

א
Rapid Hardening Cement 

א


4
Type 4 

אא
Low Heat Cement 

אאאFא
E

5
Type 5 

א
Sulphate Resisting Cement 

אא
אא
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2-4- אאW 

2-4-1- אאאW
אאאאאא

אאאאאאאKא
אאאאאאKא

F3EאאאאאאK


אF3EWאאאאאא
אאE٪F א


א


א


א


א

15519107
25124611
35619107
42849412
5384349

 
2-4-2- אאאW

JאFinenessW 
אאאSpecific SurfaceK

אאאW
♦ אאWאאK

אאאאK 
♦ אWאאאאK

אאאK
♦ אאאWא

אK 
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אאאאאאאא
Fאאא?אאKE?

אאאאאאF2250E2LK
אאW

♦ W28002LK 
♦ W40002LK
♦ אW500070002LK

Jא Density  W 
אאאא33.2L3KאאK

א0.91.3L3Kאאאא
אK

JאאאNormal ConsistencyW
אאאFאLאE

VicatאאFאאא?א
אאאאKE?אLאא0.250.3K

JאSetting TimeW
א{אאK

אאאאאאאאאInitial Setting TimeK
אאאFinal Setting 

TimeKאאאאאאאאאא{
אאFKE

אאאFאאEא
אאאאאFאKE

אאKאאא{
אאא45אא10K
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JאSoundnessW
אKאא

א{אאאאCaOFאE
אאK

אאא{אאאLeChatelierK


7Wא
אאאK

24א20ْْ{א1אKא
Kאא2K

אאF2–1E{אאKאאא
א10K


2-4-3- אאאW

אאאאא{א
אKאאאKאא

אאFא7Eא{אא
אKאאאא

א{אא28אאאא
אאאאKאאאאאאאF28E

אא{אאא
F3714EאאאאK
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אאאFאW40×40×160E
אאאאאאאF4WE


אF4WEאאאFE

אFL2E א
3728

1J152335
2Jא101722
3Jא212835
4JאאJJJ
5Jא81520


אא{אאאא

אאKאK
אאאא

אאK
אאאאאK


2-5- אW 

א{א{אאאK
אאאאSilosKאאא

 א{50אאאאא
 א5560אאK

אאאK
א14א60Kאאא

{אא7Kאאאאא{
אאאאאK 
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2-6- אW 

2-6-1- אאאW
אאאאא

א{אאאKאאאW
אFE{אFE{אFE{א{

אאאFאאאא{א{א
אאKE

2-6-2- אאאW
אא{אאאא1000אK

אאאאאא3אK
אאאאאאאאK  

 
2-7-W



1J؟אא
2Jאאאאא؟
3Jאאאאאא؟
4JאאאKK؟אאא
5Jא؟אא 
6J؟אא
7Jאאאאאאא
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8JאFE{3א
F40×40×160فكانت ,  على أنصاف المنشوراتاً يوم28 عند تجربة الضغطتمت ثم .  من آل عينة) مم

 :النتائج التالية 
 

אאאאFEאFL2E
164
263

1

362



159
258

2

360




Jאא؟א
J؟אאאאא
9Jאאאא؟אאא

א؟
10Jאא؟אא

 
 



 

 

אאאאאאאא  

אאאאאאאאאא  


א

א
א


א
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אאW 

אאאא{אאאאאK


אאW
אאאאאW

• אאאאK 
• אאאאK 
• א{אאאאK
• אאאאאK 

 
אאאW

אאאא{אא
אאאK


אאW

אאK


אאW
• K
• אאאאאאאK 
• K 
• אאאאK 

 
אאW

אאאאאאאאאK 
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3Jאאאא
Mixing  Water and the Admixtures 



3-1-אW 

אאאאאאאW
1( אHydrationאאאא

אאאK 
2( אאאאK 
3( אאאאאאא

אאK 
אאאאFLKEאאא

אאא0.250.30אKאאא
אא،F

Eאאא،א
אאאK



3-2- אאW
אאאא{אאא{

אאאאאאאאאKאאFא
אEאKא

אW
2000אאא
1000א
1000אא
3000א
600א

4אאpH
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אאFאאEאKאא1
14Kאאא1א7Kא1

אאא7Kא7
14אא14K



אאאאאאK
א،אאאא

،אאאאא
K



3-3- אאאThe AdmixturesW


3-3-1-אאאW

אאאאא
אאאאאא،

אאאK
אאאאאKא

F0.0052٪אKEאאאאא
אאאאK



3-3-2- אאאאW
אאאאאאW
1EאW

אאאאK
אאאאK

אאאאאאא
אPlasticizersK
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2EאאאWater Reducing AgentW
אאאאא

אאאאFאאאאE
אKאאאSuper plasticizersא

K
3EאRetardersW

אאא{אאאא
אאאא{אא

אא،אאאאK
אFאאKE

אאאאא
Kאאאא

אאאKא90٪אK
4EאאAcceleratorsW 

אאאאאאאKאאאא
אאאאK

אאאKאאא
א{אאאאא{אK

אאאאאאא
אאK

5EאאאAir Entraining AgentsW
אאאאK

אאאאאאאא
אאFאאאE،א

אא،אאאK
6EאWaterproofing AgentsW

אאאאKW
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♦ אאWater Repellent AdmixturesWאא
אאאאאK 

♦ אאאאPores Filler MaterialsWאאאF
אאEאאאא

אאKאאאFאאEאאא
K

7EאW
♦ אאאPozzolanic Admixtures  
♦ אאFly Ash 
♦ אSilicate Fume 
♦ אPumping Aids 
♦ א 
♦ אBonding Agents 
♦ אPigments 

 

3-4- W


1J؟אאא
2Jאאא؟א
3J؟אאאאאאא
4Jאאאא؟
5JאאאאאאאW

JאאאK
JאK
JאK
JאK
JאאK



 

 

 

אא  

אאאאאאאאאא

א
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אאW 

אא{אאא
אאאא

אאאאK


אאW
אאאאאW

• אאאאK
• אאאK 
• אאאאאאאK 
 Kאאאאא •
 

אאאW
אאאא{אא

א{אאאאK


אאW
4א8אK



אאW
• K
• אאאאאאאK 
• K 
• אאאאK 
• אאאK 
 

אאW
אאאאאאאאאאא

אK
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4JאThe Concrete 


4-1-W

אאאאאאKא
אFEאאאאאK

אאאאאא
אאאK



4-2- אאאWProperties of Fresh Concrete 

4-2-1- אאConsistencyW 
אאא،אאKאא

אאאאK


אאאאאW
1EאאSlump TestW 

אאאאאא
KאאאאאאFKאא

אאאKE
אWTrue slumpshear slump

אcollapse slumpK
אאאאאאF5EW



אF5EWאאאא
 220 - 180 200 - 100 120 -30 40 - 10 20 - 0 )مم(الهبوط 

 قوام الخرسانة
 

 جاف
dry 

 صلب
stiff 

 لدن
plastic 

 مبتل
wet 

 رخو
sloppy 

 
 
 



א104אאא
אאאאאא
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2EאאFlow Test W
אאאאא،אאא

אאאא
אאKאאאאאא

אאאK
אF6EאאאאאK

אF6EWאאאא
 150 - 110 120 - 90 100 - 50 60 - 15 20 - 0 )(% الإنسياب 

 قوام الخرسانة
 

 جاف
dry 

 صلب
stiff 

 لدن
plastic 

 مبتل
wet 

 رخو
sloppy 



א1513.6
KאאKאא

אאאאK


3EאאאFEBall Penetration Test  
אאאאאא،אאאF7Eא

אאאאK


אF7EWאאאאא
 120 - 100 100 - 80 80 - 40   40 - 20 20 - 0 )مم (الإختراق

 قوام الخرسانة
 

 جاف
dry 

 صلب
stiff 

 لدن
plastic 

 مبتل
wet 

 رخو
sloppy 

 
4-2-2- אWorkabilityW 

אאאאאאא
א،אK



אאאW
1EאאCompacting Factor TestW 



א104אאא
אאאאאא
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אאאאא،א
אאW

אא
אZ————————————F4-1E

אא
אאאאאKא

אאאאאאאא
Fאאא38EאאK

אאאF8KE


אF8EWאאא
אא
א0.780.850.920.95

אFE0J2525J5050J100100J175


2EאVebe Test W 
אאאRemoulding TestF

אאאאEאאK


4-2-3- אאאאAir ContentW 
אאאאאאKא

אאאאאK
אאאFBoyleא

אKאאאא7K٪


4-2-4-אאBleeding 
אאאאאאKאא

אאאאאKאא
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אא،Kא
אאאאאאאK



4-2-5- אאSegregation W
אאאאאאאאK

אאאאאK
אאאאאאKא

אאK
אאאא

אK


4-3- אאאProperties of Hardened ConcreteW 

4-3-1- אCompressive StrengthW
Kאאאאא

Kאאאאאאאא
אאאאאאא

K
אאאאאא150C150C150אא

אאאאאאאK
אאא100C100C100א200C200C200א

אאKאאאא150C300אא
אאאK

אאאאאאאF27º±2ºEא
א15אאאK

אאאאKאאאא
אאאW3728K{אאא{אא

אאW142136912אK
אFEאאאW



א104אאא
אאאאאא
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Z
م
 F4-2Eح

?W?אאא??אא
אK



4-3-2- אTensile StrengthW 
אאאFEאא

Kא
אאKא

אKאא710٪אK
אאאW

1( אאאDirect Tensile TestWאאא
אאKאאאאא

אאאאאאא
אאKאאK 


 

 
א8Wאאא 

2( אאאIndirect Tensile TestWאאא
אאאא15א30א

F9EKאא



א104אאא
אאאאאא
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א2אאאאא
אK 

אא2C
אאZ———————Z—————F4-3E

אאCCC
W

WאאFE{WאאFE{WאFE{Z3.14


א9Wאאאאאא10Wאאאאא



4-3-3- אFlexural StrengthW
אאKאאאKאאא
אאאKאאא

אKאאאK
אא1225٪אKא

60100K٪
אאאאF150C150

C600100C100C400EאW
♦ אאFא11E{אאא

אאK 



א104אאא
אאאאאא
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א11Wאאאא 

♦ אאFא12E{א
אpure bendingאK 


א12Wאאא

אאאא
K



4-3-4- אShear StrengthW 
א1012٪אK

א2030K٪אאאא
Kאאא{אאאאא



4-3-5- אאאStrength BondW 
אאאאא

אאאאKאאAdhesion
אא،אאאFriction{

אאאאאBearingKאא2.54.5L2



א104אאא
אאאאאא
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אאאF25L2KEאאא{
אאאPull Out Testאא
אאאK

אZ
لقط

F4-4Eح

??אא{??א??אאאK
??אאאאK



4-3-6- אConcrete PermeabilityW 
אאאאאKא

אאאאאאא
אאאאאאאאKאא

א،אאאאא
אאאK

אאאאאא
אW

Z
عتس
F4-5Eلي

WWאFLE
WאאאF3E
WאאF2E
WאFE


ل
אאאאאWع

?F?א??אאKE
אא0.0020.003LK



4-4- אאאW
אאאW

1EאW



א104אאא
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♦ אWאא{אKKKK 
♦ אאאWאאאאאא

אאאKKKK 
♦ אWאאאאKKKK 
♦ אאאWא{אאKKKK 

2EאW
♦ א 
♦ אא 
♦ אאאא 
♦ א 

3EאW
♦ אא 
♦ אא 
♦ א 

4EאW
♦ א 
♦ א 
♦ אא 
♦ אא 
 

4-5- W


1J؟אאא
2Jאאאא؟אא
3JF150×150×150EאK28א

{אאאאW





א104אאא
אאאאאא
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 وزن العينة رقم العينة
 )جم(

 الوزن الحجمي
 )3سم/جم(

 حمل الكسر
 )آن(

 مقاومة الضغط
 )2مم/ن(

1 8255  814  
2 8301  845  
3 8282  822  

J؟אאאא
J؟אאא
4JאאאF15א30Eאאא

א{אK28אאאאא
אאאW


 حمل الكسر رقم العينة

 )شد مباشر(
 )آن(

 مقاومة الشد
 )شد مباشر(

 )2مم/ن(

 حمل الكسر
 )شد غيرمباشر(

 )آن(

 الشدمقاومة 
 )شد غيرمباشر(

 )2مم/ن(
1 57  170  
2 61  176  
3 58  172  


J؟אאאא

JאאאאFאאאE؟
JאFאאE؟א

 



 

 

 
 
 
 
 
 

אא  

אאאאאאאאאא  




א
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אאW 

אאאK


אאW
אאאאאW

• אK
• אK 
• אK 
• אK 
• א 
• אK 

 
אאאW

אאאאאאא
אאאאK


אאW

K


אאW
• K
• אאK 

 
אאW

אאאא 
 
 



א104אא
אאאאאא
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5JאConcrete Technology 


5-1-אW 

אאאאK
אאא{אא

אאF13EF14EאאKאא
אא3אאאאK


א13Wאא14W


5-2- אW 

אאאKאא
אאKאאאWאFא15E{

אאאFא16E{אאאKאא
אאאאאK



א104אא
אאאאאא
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א15Wא16WDumper

א


5-3- אW 

אאאא
אאאא،אא

אK 
אאW

1EאWאאא{אאא
אאאF17EK

אאאאFאאEאFא
אאKE

2EאאWאאא
אK

3EאWאFא18E
אאKא

50אאאK



א104אא
אאאאאא
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א17Wא18Wא

 
5-4- אW 

אאאאאאאאאK
אאאK

אאאKאא
אאאW
1EאאאאאאאאF19EKאא

אא20Kאאאא
אאK

2EאאאאWאאאאאאאאאאא
Kאאאאאאאאאא

אK
3EאWאאא{

אאאאאאאא،F20EK
אאא

אK



א104אא
אאאאאא
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א19Wאאא20W


5-5- אW 

אW
1( אאאאאאאK
2( אאאא

K 
3( אK 

אF21EF22EאאאK
 



א21Wאא22Wאא






א104אא
אאאאאא
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5-6- אW 

אאאאאKאאאא
אאאאאKאW

1EאאW
JאWאאK
JאWאא

אאאK
JאאWאFאאKE

אאאאאK
2EאאאW

JאאWאK
אאאאא

אK
JאאאWאאאאאאK

אאאאK
אאאאאאאאאK

JאאWאא
אKאא

אאKא
אK

א7אאFאאאאE
אאא،14א
אאK  
 
 
 
 

 
 



א104אא
אאאאאא
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5-7- W 

 
1J؟אאא
2Jאאאאאאא 
3Jאאאא؟ 
4Jאא 
5J؟אאאאאאא 
6Jא؟א 
7J؟אא
8Jאא؟אאאאאא 

 
 

 



 

 

 
 
 
 
 
 

אאאא  

אאאאאאאאאא  


א


א
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אאW 

אאאאK
אאאאאK


אאW

אאאאאW
• אאאאK
• אאאK 
• אאאאK 
• אאאK 

 
אאאW

אאאאאאאאאאK


אאW
אK


אאW

• K
• אאאאאאאK 
• K 
• אאאאK 

 
אאW

אאאאאאאאK 
 
 



א104אא
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6JאאBricks and Blocks


אאאאאאאK
אאאאאאK


6-1- אאאאW 

אאאאא
אאאאאאKאאא

אאאאאW
- W40–60٪JW10–25K٪
- אFW4–8٪EJאFW1–15٪EJאFW0–4KE٪

JאWאא20٪אK 
- K 
- אאWאK 


6-2-אאW 

אאאW
6-2-1- אאאClay preparation W 

אאאאאאאא
،אאאאאאא

א،אאאK
6-2-2- אMoulding W 

אאW
JאאSemi-dry processWאא10K٪

אאאאאאK
JאאPlastic processWאא15K٪



א104אא
אאאאאאא
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JאThe wire-cut processWאא20K٪
אאאK

6-2-3- אDryingW 
אאא7J30٪אאא

אאאKא24J48א150ºK 
6-2-4- אFiringW 

אאFאאEאא
אאאאFאא800º900ºE

אאאאK
 

6-3- אאאW 

1E אאאCommon red bricks W
אאא،אאWire-cutא

אKאאאאאאאK 
2E אאאPerforated red bricks W 

אאאאאאK
אא{אאאא،

35L2{אF23EאאאK


א23W

3E אאFacing bricksW 
אאאאאא
א{אא{אאאא



א104אא
אאאאאאא
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אאKא150250
L2{אF24EאאK

      
אF24EWאאא

4EאאאאClaustraW
אאאאאא

א{אF25KE


אF25EWאא

5E HourdiW
אא{א{אF26Eאא

K

    
אF26EW







א104אא
אאאאאאא
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6E אאא 
אאאאאאאאאא

אאKאאאאאא
אאאאאאאK



6-4- אאאW 

1E אThe shapeW 
אא{אאאא{א

{אKא
אאאאKאאאא

אא95٪אאK
2E אאWater Absorption W 

אאאאאא2430٪{
א27٪אאK

3E אCompressive Strength W 
אאא30L2{

25L2אאK
4E אEfflorescence W 

אFEאK
אאWאאאאאאKא

אאאאK









א104אא
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6-5- אאאFאEConcrete bricks and blocksW 


אאאאאKאא{
{אאאK



6-5-1- אאאW
אאאאאW

1EאאW
אאאאF27EK

אאאאאאאא25K٪
אאW

JNon-load bearing bricksWאא
אK

JLoad bearing bricksWאאאK
2EאאHollow bricks W
אאאKאאא

אאאא40אJ50K٪
3EאאConcrete blocks W 

אאאאאFאאE
אF28EKאאFאאE

אאאK



א27Wא28W






א104אא
אאאאאאא

 
 

- 56 - 

4EאאClaustraW 
אאאאאא

אK


6-5-2- אאW
אאאאאאW

1EאW
אאאאאא{אאאK

2EאW
אאאאאאאא

אKאא{אאאא
אאאKאאאאא

אאאאאK
3EאW

אאאאאאאא
אאאאאא{אאאאאאא{

אאאאאאאKאא
K

4EאאאW
אאאאאא

אKאאאא
אאאאאאאKאא

אאאאK


6-5-3- אאאW
אאאK

אאאFא20J25KE٪א
אאא{אאאKא



א104אא
אאאאאאא
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24אאKא3
FאEKאאא

אאאאK


6-5-4- אאאW
אאאאאאאW
1EאאW

אאאאאאא
אאK

2EאאW
אאאK

אאאאF±4KE
3EאאW

אאאאאKאא
אאאאFאאא1,72

L3KE
4EאאW

אאא{אאאא
אFא3751KE٪

5EאאWater absorptionאDrying shrinkageW
אאא20٪אא

אא0,06K٪









א104אא
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6EאW
אאאאאאאFא
 אאE75L2Kאאאאא

30L2K   
 
 

6-6-W
1J؟אאא
2J؟אאאא
3J؟אאא
4Jאאאא؟
5J؟אאא
 



 

 

 

אאאא  

אאאאאאאאאא  

א


א
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אאW 

אאאאא{אאאאK


אאW
אאאאאW

• אאאK 
• אאאK
• אאאK 
 Kאאאאאאאא •
• אאאאאK 

 
אאאW

אאאאא{
אאאאאאK


אאW

אאK


אאW
• K
• אאאאאאאK 
• K 
• אאאאK 

 
אאW

אאאאאK
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7JאאLime and Gypsum  


אאאFEאא
950º1050º{אאאW

CaCO3                     CaO         +               CO2
                                    100 %                          56 %                         44 % 



7-1- אאW 

אW 
1E אNon-Hydraulic LimeW 

אאאאאא{אא
אK 

2E  Hydraulic  Lime W 
אאא{אאא8
10٪אK

אאאאW 
1EQuick LimeW 

אאאאאFא
אEאא9501050ºK 

2E Hydrated Lime W 
אאאאאא

אאK
 

7-2- אW 

אאאאאW
• אאאאאאK
• אאאK 



א104אא
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• אאאFאאאאE
אK 

• אאאאאא
אאאK 

• אאאFא0.82אאE
אK 

אאאאאאא
K

אאאאW
• אא810٪אK
• אא1150º{אFאאאE

אאאFאאאאEK
• אא

אאK
• אאאK

אאK 
 

7-3- אאאW 

אאאאאאאK
אאאK

 
7-4- אאW

אאאאW
1E אW5٪0,21110٪0,089K
2E אWא13א10אא19

K 
3E אWא10K 
 



א104אא
אאאאאאא
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אאאאF9EW
אF9WEאאא

אאאאאא
אCaO  70٪52٪

אMgO  5٪4٪
אCO2 7٪5٪

אאא
אFe2O3 אAL2O3

10٪8٪

א7٪

7-5- אGypsum W 



אאאאאא
K



7-5-1-אW 
א{אאאאאאא{

אאאאW
Jאאאאאא130200ºW

                                               130 – 200 °C 
       CaSO4,2H2O   --------------   CaSO4,0.5H2O + 1.5 H2O

Jאאאאא200ºW 
                                                     Up to 200 °C  

CaSO4,2H2O   --------------   CaSO4 + 2 H2O   
 

7-5-2- אאW 
אW

JאאאאW 
1EW



א104אא
אאאאאאא
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א60K٪
אאK

2EאW
א80٪אK

3EאW
א90٪אK

JאאאאW
1EאW

אK
2EאW

אאאאא1000ºK1٪
אאאאא1א4K


7-5-3-אאW 

אאאאאK


7-5-4-אאW 
אאW

1EאW
אFאאאE1,25K

0,1525٪א20٪א
5٪אK
2EאW 

אאWא15אKאא58
אFאKE

אWאאאא15
אאK



א104אא
אאאאאאא
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אWא1540K 
3EאW 

אאWאאא10L2א
24א20L27K 

אW2415L2K730L2K
אWא15L2K740L2K



7-5-5-אאGypsum boards W
אאאאא{

אאאאKאאאאאW
1E אאאRegular Gypsum Board (RGB) W 

אאא{א
אאאא{אF29EK

2E אאאFire Resistant Board (FRB) W 
אאא{

K 
3E אאאאWater Resistant Board (WRB) W 

אא
אא10٪א{א5٪אא

אאאאאK 
4E אאאאW 

אאאאאK




א104אא
אאאאאאא
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א29Wאאאאא 

 
7-6- W

 
1Jאאא؟
2J؟אא
3Jאאא؟
4J؟אא
5Jאאאאא؟


 
 



 

 

 

אאאאאא  

אאאאאאאאאא  
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אאW 

אא{אאאאאא
אאאאK


אאW

אאאאW
• אאאאK 
• אאאK
• אאאאK 
• אאאאאאאאאK 
• אאאאאK 

 

אאאW
אאא{אא

אאK


אאW
4א6אK


אאW

• K
• אאאאאאאK 
• K 
• אאאאK 

 

אאW
אאאK
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8Jאאא

8-1- W

אאאאאאאאאא
אKאאאאאא{א

אאאK
אאאW

♦ א{אאWאC{אMn{אNi{א
Cr{אTi{KKKK 

♦ אאWאAlאCu{אZn{אPbKKKK 
אאאאאאא{א

אאאאאאKא
אאK


8-2-אSteel ManufacturingW 

8-2-1-אW
אאאאאאא

אאKאאאאWאHematite 

Fe2O3{אMagnetite Fe3O4{אLimonite 2Fe2O3.3H2OK
8-2-2- אCast IronW
אאאאCokeBlast Furnace

אאאאFKEאאא
אFאאאKEאאאא

אKאSlagאאאא
FאאאKE

אFאEאאאא
KאאאKא



א104אא
אאאאאאאא
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אא{אאאאK
אאאאאאK

8-2-3- אאאW
אאאFBessemerEאאאא

אאאאאKאאא
2٪אאאK

8-2-4- אאShaping of SteelW 
אאאאאא

FאEאאאאאK
אאאאאאאWאאא

אאאאאאאאאאאאאאא
FאאאאאKEKKK


8-3- אאאאW
אאאאא

אאKאאא
אCementiteאא{אאא

KאF10EאאאאK


10אWאאאאא
אE٪FאFL2EאאE٪F

0.136034
0.246028
0.465020
0.682014
0.89609
1.09606
1.28503
1.46302



א104אא
אאאאאאאא
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8-4- אW
8-4-1- אאW

אאאאאאאאאW
1( אאW 

o אFאאאא
אKE 

o אאאFאא
אאאאKE 

2( אW 
o אאאאK 
o אאFאאא

אאKE
8-4-2- אאW
1EאאW

אאאאאאא
F11KE

11אWאאאאאFE
אאאE٪F 

א
אאאאא0.300.050.05

אאאאא0.330.050.05
אאאאא0.250.050.05


2EאאאW

אאאאF12EW
Fאאאאא12אאא8J5אא?א

אKE



א104אא
אאאאאאאא
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12אWאאאאאFE
א א

אא


א
אאאFL2E250460460

אאאFL2E275506506
אאאFGE221212

EGF5אא
אאאאא

0.5٪אא{אא0.2K٪


3EאאאאW
אאאאא

F13EW


13אWאאאאאאFE


אא
FE

א
א
F2E

אא
א

FLE


אא
FE

א
א
F2E

אא
א

FLE
60.2830.222223.802.98
80.5030.395254.913.85

100.7850.617286.164.83
121.130.888328.046.31
141.541.213610.27.99
162.011.584012.69.87
182.542.004515.912.5
203.142.475019.615.4


אאWאאאאאאK
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אאאWאאאא
אאK
אאWא0.00785L3אאאK

אאWאאאאאאK


8-5- אאאW
אאאאאW

אאאFE
אδZ———————————L2F8-1E

אF2E


אFE
אεZ————————F8-2E

אאFE


אאאאאאאK


Wאאאאא
 

K אFאאE{Fא30EW 
 

 
א30Wאאאא





א104אא
אאאאאאאא
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O ?א?א??אאא
א??אאK

O ????אאאא
אא??Kאאא

א?K?
O אFEאאאאאא

אKאFEאאא
אK

O אFEאאKאFE
FEאאאאאאא

אFKE
K אאFאאE{Fא31WE 

δ 


א31Wאאאא


אאא{Kא

אאאאKא،
אK







א104אא
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K אאFאE{Fא32WE 
δ


א32Wאאאא


אאאא

אKאא
אאK


8-6- אאאW

אאאאא{א
אאאHot RolledK

אא3Kא
אאKאאאאW

אאTubes{אBars{אI-Beam{אC-shape channel{
אאAngle or L-shape{אT{אZee{אPlateK
 

 
א33W I  JTJC 



א104אא
אאאאאאאא
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8-7- אW
8-7-1- אW

אאBauxiteKאאאאא
אאאאK

אאאאא CryoliteאKאא
אאאKאא

אאאאאאא
אK

אא{אRollingאא
אאאאאExtrusionK

8-7-2- אאW
אאאאאאאW

♦ אWאאאאאא
א{אאאאאאאאאאאK 

♦ אאאWאאאאאK 
♦ אWאאאאאK 
♦ אWאאאאK 
♦ אאK 
♦ אאאאאאאאK 

8-7-3- אאW
אKאאW

♦ אאאאK
♦ K
♦ אאאא

     70J100L2K
♦ א155L2K
♦ אFEK



א104אא
אאאאאאאא
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♦ אאK
♦ אאאאK 


8-8-W



1J؟אאא
2J؟אא
3Jאאאאאאאאאא

؟א
4Jאאא11,28750א

אW  

33 40 44 42 38 32 26 28 20 12 0 אFE

18 16 12 8 4,2 2 0,5 0,07 0,05 0,03 0 אFE

 

Jאאא
JאאאFL2E
JאאFL2E
JאאFL2E
Jאאא

5Jאאא؟




 

 

 

אאאאאא  

אאאאאאאאאא  




א
א

א
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אאW 

אאאאאK
PVC{אאK
א{אאK

אאW
אאאאאW

• אאאK 
• אK 
• אאPVCאאK 
• אאאK
• אאאאאאאK 
• אאאאאK 

 

אאאW
אאאאאאPVCא

אאK


אאW
4אאK


אאW

• K
 Kאאאאאאא •
• K 
• אאאאK 

 

אאW
אאK
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9Jאאא
 

9-1- אאTypes of WoodW
אאKאאאאא

FTimberKE
אאאW

-אאWאConiferous TreesאFPineKEא
אFSoftwoodKEאאאאFאאאE

אKאאאWאא
אאFWhite, Yellow and Red PineKE

-אאWאאFHardwoodE{
אאKאאאאK

אאאאK
אאאאאאאאK

אאאWאFOakE{אאFBeechE{אFTeakE{
אFAshE{אFWalnutKKKE


9-2- אSeasoningW 

אאאאאאאאא
KאאאאאFBrittleKE

אאאאאאK
אאFKiln DryingE

KאאKאא
אא{

K
אאFDryEאא1522K٪אא

אא915K٪



א104אא
אאאאאאאא
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9-3- אאNatural Defects of  WoodW
א{K

אW
1EאFibers WarpW

אא
אKאאאא

{אא{
אאKאK

2EאאRing Shecks W
אאאאKא

אאאאאKא
אאK

3EאאRadial ShecksW
אאא{אא

א{אKאאאK
4EאאKnotsW 

אא{אKאא
א{אKאא{

אאאאאKא
K



9-4- אאW
9-4-1- אMoisture contentW

אאאאW
אJא

אאZ———————————————C100٪F9-1E
                                                    א



א104אא
אאאאאאאא
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9-4-2-אאWood Shrinkage W
אאKאאW

אא
אZ———————C100٪F9-2E

                                                      אא
אאאFAnisotropicEא

אW
- W0,10,2٪
- W36٪ 
- W512٪ 

אאFVolumetricE718K٪


9-4-3- אWood DensityW
אאKאאW

- אאW0,320,52
- אאW0,380,68 
 

9-4-4- אאאW
• אWאאאא80154
L212K٪אאא1,56,5L2K
• אWא29,356,3L2אא2,68L2

אאK
• אWWא5,913,8L2אאK

אא770013900L2K


9-5- אאArtificial TimberW 

אאאאאאKא
אאאאאאאא{W



א104אא
אאאאאאאא
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9-5-1- אאFאEPlywood W
אאא{א

אKאא
אא{Kא357

אאK
9-5-2- אאParticle Board W

אאאKאאא
אKאאא

אאK


9-6- אPreservative Treatments for TimberW
אאאאאא

אאאאאK
9-6-1- אאאW

• אFFungusEאאFDecayEKא
אKאאK

• אאFInsectsWEאאאאFTermitesE
אאFWhite AntsEאFCarpentar AntsEאאאא

FBeetlesKE 
• אFBirdsWEאאאFCocatusKE 

9-6-2- אאאאאW
אאאW
• אאFCreosoteEאFPetroleum SolutionsEK
• אאFPhenolic Resin SolutionEK 

אאאא{FBrushingE
FSprayingEאFDippingEא

אאאFPressure ImpregnationEK



א104אא
אאאאאאאא
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9-6-3- אW
אאאאאא

א{אW
אאFFire Resistance of TimberWEא

אFAmmonium PhosphateEאאא
אאאKא

אאאאאאK

9-7- אאFFPVCW

9-7-1-W

אFPolyvinylchlorideEא{
אאאKPVCאאא

אK50٪אא
אאK                                                           

א{אאא{PVCאאאא
אאאאK

9-7-2-א PVCW

אPVCW
JאW1380L3K
JאTensile StrengthW50–80L2K
JאYoung ModulusW2900–3300L2K
JאאאאZ0,16F(W/m KK
JאFאא24ASTMZ0,04–

0,4EאאאK



א104אא
אאאאאאאא
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JאאאאK
J{אאאK

9-7-3-אאPVCW

PVCאאW
1Eאאאאאא
א{אאאאKאאא

Kאאאאא
2EאאאאאאאאאK
3Eאאא{אאאאK
4EK
5EאאK
6EאFאEאאאאאאK

9-8- א W  Glass  

9-8-1- אW
אKאאאאא

א{אאא800J900ºK

9-8-2-אW
אאאאאאW

1Eאאא W
Jא Wאאאאאא{א

אאאאאאKא
אא{אא0.1

0.6אא{אאאאאK
אאאאK



א104אא
אאאאאאאא
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Jאאא
אK

Jאא WאאK
Jא WאK
Jאא Wאאא
אKאאאא

K
2Eאאא Wאאאאאאא

אאאאK

אאאאאאK
אאאאאאאאא{

אאאאאK

9-8-3-אW 
אW

JאWאאאא
אאאK

JאW،אאא
אW

GאאWאאאאK
GאאWאאKא{א
אאאאאא

אאKאאא
K

Jאא Wא
אאאאא،אאא

אא400J600º{אאאאK



א104אא
אאאאאאאא
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א15J751J5א
אKJ

א WאאאאK

9-8-4-אאW 
1Eא Wא،אא

אאאKאאאא
אF1.467J2.179EאאK

2EאWאאאאאאK
א2.5L3א2.12.8L3Kא

310K٪
3Eא Wאאאא

אאאKא
אאK

4Eאא WאאאF
אאאEאאאאאאאKא

אאK

9-8-5-אא W
1Eא Wאאא{אא

אKאאאאאK2E
א96א WאאאK

3EאאאWאא
אאאאKאאא
א{אאאK

4Eאא Wאאא
אא

Kאא א{אאאאK



א104אא
אאאאאאאא
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5EאאאWאFאאE
א{אאא

אאאאK 

9-8-6- אאאW
1EאאWאאאאאאאאאאא

אאאאKאאFlat PlateK
אאאאWired Flat Plate{

אK                                                                                          
2EאאWאא

אאאKאאאאאאאK
אאאאאאKאאא

אאאאאאאאK                                                                           
3EאאFWאEאא

Kאאאאא{אאאא
אאK                                                                                                    

4EאאWאאאאKאא
אאאאKאאא

אאאKאאאאאא
אK                                                                                                              

5EאאWאאאאא
אKאאא{אאא

אאאאאKאאאא
אאאאאאאאאאאאK                                   

6EאאWאאKאא
אא{אK                              

7EאאWאאאאאאא
אא                                                                                           



א104אא
אאאאאאאא
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8EאאאWאאא
אאאאאKאאאאאאא

אאאאK                                                                                                               
9EאאאWאאאאאKאא

אאאאאאא{
אאאאאאK                                                  

10EאאFoam GlassWאאאאK
אאאא{אK

אאאא{
אאאK                                              

11EאאFiber GlassWאאK
א12L3א300L3אאא

אאאאאK 

 
9-9-W


1J؟אא
2J؟אא
3J؟אאאאאא
4Jאאאא
5J؟אא
6J؟אאא
7J؟אא
8Jאאאא



 

 

 
 
 
 
 
 

אאאאאא  

אאאאאאאאאא  


א

א



א
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אאW 

אאאאאK


אאW
אאאאאW

• אאאK 
• אאאאאK 
• אאאאאאK
• אאאאאK 
• אאאאאK 

 
אאאW

אאאאאאאאאאא
אK


אאW

K


אאW
• K 
• 

 
אאW

אאאK 
 
 
 



א104אא
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10Jאאא 
 Paints and Insulation Materials  



10-1-אW
אאאאא F ،אא،אא

،،אאE אא. 


10-2-אאאFאEW 

10-2-1- אאאאBindersW 
א אאא،אאאא 

אאא، א
،אאאא אא. 

אאאא אאא{אא
א א،אאאא

 א. 
אאאאאאא .

אאאאW
GאאאK
GאאK

 

10-2-2- אאאW
אאא{אא אא

אאאאא .אאא אאאאאא
אK  אאאאWאBaSO4{א

CaSO4{אCaCO3K


10-2-3- אאאSolvent W 



א104אא
אאאאאאאא
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אא אאאאא{
א :

JאWאאK
JאאWאאK
JאאאאאK
JאאאEsters אאK

 

10-2-4- אאאPigmentsW
אאא{א אא

אא א.אאאW
אFאאFe2O3E{אאFאאE{

אFאאE{א{אK
 

10-2-5- אאW
אאא{אא אא

אאאאאKW
- אאאPreservativesאאאא

אK
- אאאDrierאאאK 
- אאאאAntiskinningK 
- אאאAntisettelingK 
- אאAntifoamingK 
- אאאFlame RetardantsK 



10-2-6- א: 
א אאא  

אא. 


 



א104אא
אאאאאאאא
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10-3-אאW 

10-3-1- אאW
1EאאW  

אאאEmulsion Paintא אKא
.אאא אאאאא

אאW 
J א. 
J אאא . 
J אאא . 
Jאא. 
J א. 
J א. 

אאאא : אא{ א
א{  אא.

2EאאQuartzW 
אאאא אאאאאא{

א{ אאא. 
א אאאאאאK

אא{ א. 
אא אאא. 

 אאאאאא{אא 

אאאK 
אאאא א{אאא
אאא . אאאאא{א
 אאאאK
3Eאא Gravato W 

Jאאא אאאא



א104אא
אאאאאאאא
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אא אא{אאא אK
אא אאאאאא. 
אא א39א

א אאאא. 
4Eאא GRANULITS W 

אאאא אאא{ אא
אאאאאאא. 

אא אאאא
א{ Kאאא0,3

1,6K  אאאא אאא.
א אאא

 א.
5EאFאEW 

א אאא{ 
אאא.אFאE 

{אאא א. 
א: {{.



10-3-2- אW
אאא אאאא. 

 אאK
 ،אאאאאא 

אא .  
אא אאאאא{ 

אאאK 
אאW  

אאא אאא : 
1EFא E. 



א104אא
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2Eא . 
3E . 
4E . 
5Eאא .
א א{א{אאאK 

אאאא K
אא{ אא

.


10-3-3- א אW
אאאאאW

1EאאאW 
אאא אא{א 

. אא . א
אאK 

2EאאאW 
אאאאאאאא 

א{אאאא. אאא
אא{אא א

אאBonding Agentא אאא. 
3EאאW 

 אאאא{א א
 אא. אאא אאPVC{א

א.א אאאאא{
אא . 

4EאאW 
אא אאא.



א104אא
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5EאאאW 
א אא{א{א א 

Air less Gun 8אא.אאא 
אאK

6EאאאW 
 אאאא אא
א{אאא Melment 10 אא

. 
אאאא אאא{א

א אאאא
 א{א .


10-4-אאW 

אאW
- א
- א 
- אאא 
- אא 
- א 
- א 
- א 
- א 
- אאא 
- אאאאK 



א104אא
אאאאאאאא

 
 

- 94 - 

10-5-אאאW
א5٪א95٪אKאא

אא{אאא
אאאK



10-5-1-אאאW
1EאHot AppliedW 

אאאאאאFאE1:2
אאאKאאאאאא

אאאאKאאFE
Mastic bitumen אאאאאאK

2EאאאאאאW
אא{אאאאאK

אאאאאאאאK
3EאאאאאאאW

אאאא{אא
אאאאK

4EאאאאW
JאאאאאאאPVCאK
JאאאאK
JאאאאK
JאאאאאK
JאאאאאאאאK
JאאאאאאWater StopK 

-אאאאאאאאK




א104אא
אאאאאאאא
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10-5-2-אאW
1EאאאW

אאאא{א{
אאאאא

אאאאאאK
אאF70L80Eאא

אK
אאאאאאא

אאאK
2EאאModified Bitumen Water Proofing MembraneW

אאאאאאאאא
אאFEKאFאEאאאאא

אאאאאאא
אK 

3EאאCold Applied BitumenW
אאאאאאאא

אK
4EאאאW

אאאאK 
5EאאWater StopW

אPVC 10J30אא{א30
50{אאK

אאאאא{אאא
אאאאא

אאאאאאK






א104אא
אאאאאאאא
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6EאאאאCementitous Insulation W
אאאאאא{אאא

אאאאאא
K

אאא{אאא
אאאK


10-6-אאאW

אאאאאKאאא
אW

- אK
- אK 
- אאאK

אאאאאאאאא
אאאK

אאאאאאאאא{
אאא{אאאאאK

אאאKאאא
אאאאאאאאאא

אאKאאא95٪אא
אאאK


10-6-1-אאאW 
• אאא Thermal Conductivity (K) W 

אאאאא
אאאאאאאאאFאאא

אאאEW/m°C



א104אא
אאאאאאאא
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• אDensity W 
אאL3Kאא

אאאאאאK
• אאאW

אאאא1אאJoule/Kg °C 
• אאאRJThermal Resistance W 

אאאאאאאא
אאאאאאא .Watt /°Cm2

 
10-6-2-אאאאאW 

אאאאאאאאW
1( WאאאאאאK
2( Wאאא{א

אאאאאאK 
3( Wאא

אאאאK 
4( Wאאא

אK 
5( WאאאאאאאאאK 



10-6-3-אאאאW 
אאאאאאW

-אאאW
1E אPerliteW


אאK

2EאVermiculiteW



א104אא
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אאאא
{אK

-אא
1EאPolystyreneW

א{אאאאW
• אאWא

10:1KאF33E
K

• אאאExtruded PolystyreneW
אאאאאא

אא{אא
א30א40L3Kאאא

אKאF34E
K




א34Wא35W


2EאאMineral Fibers W 

אאGlass WoolאאSlag WoolאאRock 

WoolאCeramic FiberKאאאא{
אאאאאאאאKא

אאאאא400ºKא
אאאאאא550אº600ºK
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אאאאאאאא
אא14501500ºא

1260ºKאאאא{א
אא

{אF35EF36EאאאאK
אאW

1( K
2( אאK 
3( אK 
 


א36Wא37Wא

אא


3EאאPolyurethane W
אKא

אאא{
אאאאאאאא{א

אאKאאאא
אאאאK
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10-6-4-אאאW
אאאאאW

JאאאFRE1,35אאאK
JאאאFRE1,75אאK

אאאאאאאא
10אאאא5אא

2אאFWatt /°C m2EאK

10-7-W


1JאאאFאE؟אא
2Jאאאא
3Jאאאאא
4Jא؟אאאאאא 
 





א104
אאאאא

אא

 
 

  

אא


1J אKKאKאא1992אK
2J אKא3,2,1אKKKאאKא

K1999K 
3J אאKא{אא{אאKK{2004K 
4J אאאאKK{2003K 
5J אאאאאKKKאKאKאאא

א{K 
6J אאאאאKKKאאאא{{1990K 
7J אאא{אאKKKK{א{2003K 
8J Materials in Construction. G.D. Taylor, Longman 2000 




 



א104
אאאאא

א

 
 

  

א
א

2
3



אאW1-אאא5
1-1-7
1-2-א7
1-3-א8
1-4-א10
1-5-א12
1-5-1-א12
1-5-2- אא13
1-5-3- אא13
1-5-4- אאא19
1-5-5- אא20
1-6-21



אאW2-א22
2-1-א24
2-2-א24
2-3-אא26
2-4-אא27
2-5-א30
2-6-א31
2-7-31





א104
אאאאא

א

 
 

  

אאW3-אאאא33
3-1-א35
3-2-אא35
3-3-אאא36

3-3-1-אאא36
3-3-2-אאאא36

3-4-38


אאאW4-א39
4-1-41
4-2-אאא41
4-3-אאא44
4-4-אאא48
4-5-49



אאW5-א51
5-1-א53
5-2-א53
5-3-א54
5-4-א55
5-5-א56
5-6-א57
5-7-58



אאW6-אא59
6-1-אאאא61
6-2-אא61
6-3-אאא62



א104
אאאאא

א

 
 

  

6-4-אאא64
6-5-אאא65

6-5-1-אאא65
6-5-2-אא66
6-5-3-אאא66
6-5-4-אאא67

6-6-68


אאW7-אא69
7-1-אא71
7-2-א71
7-3-אאא72
7-4-אא72 
7-5-א73

7-5-1-א73
7-5-2-אא73
7-5-3-אא74
7-5-4-אא74
7-5-5-אא75

7-6-76


אאW8-אאא77
8-1-79
8-2-א79 
8-3-אאאא80 
8-4-א81 
8-5-אאא83 
8-6-אאא85 



א104
אאאאא

א

 
 

  

8-7-א86
8-8-87 



אאW9-אאא88
9-1-אא90
9-2-א90
 91אא-9-3
9-4-אא91
9-5-אא92
9-6-א93
9-7-אאPVC94 

9-7-1-94
9-7-2-אPVC94
9-7-3-אאPVC95

9-8-א95 
9-8-1-א95
9-8-2-א95
9-8-3-א96
9-8-4-אא97
9-8-5-אא97
9-8-6-אאא98

9-9-99



אאW10-אאא100
10-1-א102
10-2-אאאFאE102



א104
אאאאא

א

 
 

  

10-3-אא104
10-4-אא107

10-5-אאא108 
10-5-1-אאא108
10-5-2-אא109 

10-6-אאא110 
10-6-1-אאא110
10-6-2-אאאאא111
10-6-3-אאאא111
10-6-4-אאא114

10-7-114


אא115
א116






 

  


























 


