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(p )Density 48U
Lleaaa A (homogeneous material) edlaiall salall ALK o Aol a5
gricm? sl kg /m3 \eilass e
p=MI &%
p = Density (kg/m3)
M = mass (kQ)
V =volume (m3)
Density of some building materials is as follows: sl 2 sa (el 43U<1)
Material Density (g/cm3)
Brick 2.5-2.8
Granite 2.6-2.9
Portland cement 2.9-3.1
Wood 1.5-1.6
Steel 7.8-7.9




- 4l e Ole 0 Sl
(pb) (bulk density) sl 4dtist)-1
C el 4 Ly JTlea¥) Leana 1 5alal) ALS (Al A

pb ZL
V
V =Vs+ Vv

Vs = VVolume of soilds

*Vv = volume of voids

e M = Ms + Mw

e Ms = solid Mass

e Mw = water Mass

V,M =total volume and total mass, respectively
Material Bulk density (kg/m3)
Brick 1600-1800

Granite 2500-2700

Sand 1450-1650

Pine wood 500-600

Steel 7850

(ps) soild density dslall 48t -2
L le) b sl ¢ s datd ddall salall ana ) dliall salall ALK Al 4

pS = Ms
Vs




Ms = Mass of soild
Zla sl 5 &) sall Jia o sall (S5 dliall 48U e J8) AN ABESY) () 55 ) gall alana b
Llee 4ajUate CHEESY 038 () oS3
po  Density Index -3
dalial) 48Ul I 4K 48U dauil) o4

bulk density

density
Ps

p

Al Ll T e JB1 208 (585 5 2dals (Al pasll Abial) 3okl o e jlade o juay
Um'&dLAdSL@.AMué:JLAJA}SYZ\_\Y ) J) gal

(the Greek letter Gamma). (Y') specific weight s unit weight o) 3as 5 (<
Clena aaall s o Al o
7. is the specific weight of the material (weight per unit volume,

typically N/m3 units)

<=

Y = Unit weight (N /m3)
W= weight (N)

V =volume (m?3)
Y=(m.g)/V

Y=p.g
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http://en.wikipedia.org/wiki/Gamma
http://en.wikipedia.org/wiki/Weight
http://en.wikipedia.org/wiki/Volume

p: is the density of the material (mass per unit volume, typically kg/m?)
(2Sall jiall/aaS Bas go8ale Ll g aaald) ) dpus ALK 3alal) A8US o

g: is acceleration of gravity (rate of change of velocity, given in m/s?)
(aSall jiall / xS sas 50 (ol g e juadl 8 yuil) Jane) Joamill s

Jleal Jaal aaiaall JSae) ()5 Gluad diaall dunigll A Jaxin O (S oo 5l ()5l
iy o giilll (a geady da ganeall 3gaal) (e sl 5 4ledl e Blial) pe diga
rJGal) o (o) il suall dpala (Glall Als (8 &) sall) 2l sall claalinn a8 cllas
(Basie Cla a4 e CaxSa e/ Fieni SIS OB g4 V) e clall o 4l )l

specific gravity Gs =i o)l (z

BAS (Y a4 5 ya da 8 laiall elall FAUS 5 5alall asdal) 4K (pule dnll s
. 1000kg /m3 5l 1 g/cm3 (s skus A all o3a &l clal)

G =Yoo Ps
ﬁfn'-!' p.!’.!'

where

p, =density of solids

p,, =density of water (at 4°C, p, = 1g/ce)

v, =unit weight of solids

Y., =unit weight of water (at 4°C, y,, = 9.8 kN/m?)

True or Absolutr Spesific Gravity (Ga): &l o slaall e gl G55l (2
ol Llall o) sall agall anall (e 33l el 5 33 e ) il (e JS alagind a3 13)
Bl e o8l e gl 1 ol Lle | BEal e gl ol e o sl ()

Ll adl L alaasuy)
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http://en.wikipedia.org/wiki/Density
http://en.wikipedia.org/wiki/Mass
http://en.wikipedia.org/wiki/Volume
http://en.wikipedia.org/wiki/Standard_gravity
http://en.wikipedia.org/wiki/Velocity

(P:),
p!!'

where

(p,), =absolute density of solids in vacuum

Apparent or Mass Specific Gravity (Gm) gl o sl o5l (&

sl ol dalal) 3 gall B8all anall e 33 i) g 33 &l gadll (e JS S
Balall 4iS]) A8USY ga (g jaball e il ol g L goaball o @l )l e oo )
celall 4D AU I ) A

Pus

porosity (n) Asbeall (5
S Laaa N sale & cile )l ana (Al o

Vv
n=-—
74
n=e/(1 +e)

Vv = Volume of voids
voids ratio (e) el éll 4w (5
cdobiall salad) aas I cle ) all aaa o Al 4

Vv
Vs

Remember that e = —
1—n

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

12



Prove that

e
’n =
e+1
Vv Vv
n —_— =
Vt VS+Vv
1 Vs+Vv
n Vv
1 Vs
—=—=41
n Vv
1 1 e+1
—=-+1=—
n e
e
n =
e+1
Prove that:
m.Gs
n=_—-—
Sr+M.Gs
Vv Vv
n _ ——
Vt Vs+Vv
1 _ Vs+vv
n Vv

GsxM
"~ Gs*M+Sr

Q/ Prove that e = &2

Sr
Gs*M

13
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Moisture content (m) Zsh 1 G sisa (7
daai A g bl salal) 55 A salall le) B 82 gall slall ()9 w4l a
A she
m % =2« 100%
Ws
Ww = Weight of water
Ws =weight of solids

Degree of saturation (s) gld¥ a0 (&
A o g cle ) Hall K aaaldl I salall cule ) 53 30 sa sall eladl ana G dill 4

LA s
v V
S% =2 4 100% W v
Vv
Vw
Vw = Volume of water
. v
Va = volume of air ’
- Ll 8L Y 8 an) i culé ] 4l

1o

Salall iy Ja (e &) g8 salal) mhan o ) gad \/ alal) ciliy Ja G &l gad
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P AUl paibaddl Al (@ silall (e 3 sad o (5 it and / Jse
223250 = L uloall 30 ALS, a2 3555 4l LS | 3 0 2116 LS
s alag) slladll | ],83= ddlall salall e gill o5 4ll
Pl a4 (M) Aushsl s sine 3 () el A 22 (NYsebial -1

(s)
/ Jadl
Gs=2, 183=2, ps=183-L
pw 1 cm
ps=2 183=32  ys=177596cm?3
Vs Vs

V=Vs+Vv > 2116 =1775.96 +Vv , Vv=340.04 cm3

l)n _ E _ 340.04 — 016
|4 2166

Vv 340.04
2)e = — . e = = 0.19
Vs 1775.96

3)m=%*100% , Mw =M — Ms

3555 — 3250 = 3059

Mw = == % 100% = 9.4%
NHS =2 x100% , Vw =_3%_ 30503
Vv pw 1
>>>85 = —2 4 100% = 89.7%

340.04
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b S aadl e L Wl Baa JS0 Jleal) Lals syl siad of sy S Jlaay)
ol 53 (s SIS g Alaaal) ALY ualiall duuliall cile Uadl) Clis 5 aranail) Jlac|
A lial) Ay i) ol LAY (e A sl 4800l o) sall
Cua oalall Jala STRESSES Clalgal Al 55 i g (LOADS) Jlaa¥l s3gd daiis g
8 g ilalga ) o3 53 yigall (5 8l & o Ao GlY adiay g GlalgaV) (e &) g3l Bac cllia
e il g e 5 Strain JediY) e Lo ) Balall dlanl g JS8y s I g2 58
Gobill Ji Glallhiadl (asy salall Alalall GYLEY) o) bl 5 Glaleal) g 53
e a5 ol 5 ASpilSaall Gailiadll
dalal) Baa g Ao Aalall 348l Jlia o4 (g ) STRESS a1
Is the intensity of internal forces = Force / Area
Stress units = Force unites / Area Units = Kg./Cm2, Ib./in2, T/m2.
IKg.=2.2051b.and 1 in. =2.54 cm
then 1 Kg./Cm2 =14.2231b /in2 , and 1 Kg./Cm2 = 10.0 T/m2.

o awidis g

Compression stress haall aa -1
Tension stress 23 3 -2

shear stress (=dll 3= -3

bending stress slisa¥) aga -4
torsion stress ¢ si¥) 3¢a -5
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Normal Stress
15 the stress normal to the section, and could be tension of compression stress:

P P

1 !

Tension Comprassion

O
=]
=

Where:

] Normal stress
P Applied load
A Cross sectional area

Shear stress

Is the tangential siress.

= Q
2
A
_
Where: Q
T Shear stress

Q Shearing (tangential) force
A Cross-sectional area

19



strain (&) Jwiy) -2

8l () A ()5S0 «Dlaa g Al G 5 La¥) aaall aaad) (& il G Al s
3alall Ao diima B 8 Jaalih 2ind (Leale ddaliuall 3 gall salal) dlatinl) adde Lalidl) Jaall
5 5 ol 4y ) sall agd shall Balall @l alagl (A 530 Jgean A Gy Caga Sl 8
Al b g8l 3 1308 adalisall (5 g8l slal e 400 sard) dpa jall dla¥) & s SIS
@ ol YIS (Do) sukis (Lo ) Aok (5 5 adaie 53 3V b anial o Lz

Ol (AL) 5 (AD) 5& g saill ala

: (EL) LONGITUDINAL STRAIN skl Jlza¥)

AL
Lo

LATERAL STRAIN (o all Jeai¥)

cD==2
Do

(POISONS RATIO)|) (ismi s 4 13
A5 pall 3 gn Gaa Jshall Jai¥) ) salall e jall JadiW) 4l
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Is the ability of the material to return to its original dimensions when

the external applied load is removed

51 6 35 o bl laaZ s 81 (Elastic Limit Stress) &g o gl s
S a3 Rl s i
Plasticity =~ 4igalll -2
Is the property which permits materials to undergo permanent change
in shape without fracture, i.e the material does not return to its original

dimensions.
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[s the ability of the matenal to stand large plastic deformation i fension, 1e the
property of the matenial which enables it to be drawn out to a considerable extent before
failure.
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[s the property wluch represents the capacity of the matenal to withstand plastic
deformation in compression without failure.
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[z the property of the material which makes 1t fractured before much or no
deformation 15 noticeable.

Strength  4ayliall -6
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Is the resistance of the material to any applied forces, and 15 measured 1 the known
stress umits.

This resistance 1s usually known as the tensile strength if the applied load 15 tension or
compressive strength 1if the applied force 15 compression. The ultimate strength is the

maximum stress whach the material 15 capable to withstand, developed under a slowly axial
applied load.

Stiffness 4:all -7
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Is the property of the material to resist any sort of deformation. A stiff matenial 15 that
matenal which withstand high unit stress with relatrvely small unit deformation. In umi-axial
tension and compression tests, the stiffness 1s quanfitatively measured by the modulus of
elasticity withun the elastic linat
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Stress o
= — =—=tan &
Straim E

E

E;=tan 6, and E; = tan &
but 6; = 8,.

then. E1 = Ea, the material no. (1) is stiffer than no. (2)

Toughness 4l -8
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Toughness = — 3 AL,

Toughness @, +@
Modulus of Toughness = ,g =— ¢,
Volume 2 :

It 15 the ability of the material to withstand or absorb mechanical energy. Tough
material 15 that material which can withstand great deformation together with high stress.

Toughness s measured by means of the modulus of toughness which represents the
amount of energy absorbed per umt volume from the tume of load application fill failure.

Load

Loy

Elongzation
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Resilience 4= 51 -9

dildas g dlae i jaug, il Jasdl g e Lalas a0 201 A0 p RBY bl o 5aldd 58
Al Jand) 013) 3 pans A pa eyl oo pgaali Gaag A 3080 AN AKCAl) BB o Aua
,5.'-_;_'.41" i dgaly dall b sl il daall dada cal 4 dalall s ﬂ.P_q.t_,J- ks

. Modulus of Eesilisnce

ik
=

St

.. Resihence

Elongation Strain

Endurance LAl — Jaadl) 210

Juaall A e o bl 8 ol st o ja 5 S el A glha e kel 800 A Rusldd) 2
G Gl g A Y s Bl Al i T o S e dga] 81 A JuiaY) sa g 5 S

I5 the abulity of the material to withstand repeated application of load. The endurance
limit 15 the highest repeated stress that can be applied infinite number of times causing failure

to the material.
Durability — algall — ¢8l) Jsk -11

g ) Aend gl e gl dom J81 5 ALl ol gl 2
Al &y gl g g

Is the ability of the material to resist the internal or external destructive
conditions over long period of time.
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s3all Hardness -12
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Indentation Hardness ~aall 35k -]

Rebound Hardness 4= 5ka -]

Scratch Hardness s 32 -3

Wear Hardness g =/ 8824

Mechineability Hardness chiSlaly Jiuill 550 -5

I the ability of the matertal to resist scratching, abrasion, cutting, or indentation. The
hardness of non-metallic materials such as stones, gravel, and rock 15 usually measured by its
resistance to abrasion by friction.
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