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Serviceability factors and related mechanical properties
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Hardness Test
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or scribed into the
~fore
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Initial diameter

“Round” tensile bar
before tensile testing
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“Round™ tensile bar
after tensile testing
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Amount of energy necessary to cause fracture

" Toughness”

= The resistance of a material to

fracture I mtractwe

)
= Area under the elastic and plastic )
portions of the S-S curve,

Toughness &
« Unit = Nm/m?, Joule/m?
(energy per unit volume of material)

¢, Srain

4>l )3 Jlges ) Colus s s gSuoresilience 1) cul ps) brittle sslo SO (sl sl 45 (551 Jlsdo

Sy brittlessle <y 45 Cawl piY oS (531 2L oo Sl

PESEeE

=« Amount of energy necessary to
deform the material to the
proportional limit (PL)
The resistance of a material to
permanent deformation.
= Area under the elastic portion of
the S-S curve.
» Unit = Nm/m¢, Joule/m?
(energy per unit volume of material)

¢, Strain
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g Elastic modulus - Slope
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( Mechanical Properties of Tooth Structure )olss Swlse sla S 39
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395 0 S 5 enamel 4 )5 39d 0 319 P8 tensile ,Lxé compression jlid .

JLLBL) » 4 cansd - 3l g sVtensile strength < enamel 4 cuws Dentin ¥
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(oS L Wb 489 03,5 (o2 Jio) 23k O3> JLié :Compressive strength

S zobo 0235 31y ol 4 compressive 9w 45 sl ok sl slg5 o |, :UItimate strength
.l tensile g compressive jl qwSdweS 45 (5 Lid :shear jLid

ctwistJie S5 paw Jo sswasimple (tensileg compressive Jio lag w sbs
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ical testing of materials: (a) tension, (b) compression, (c) indentation hardness, o :
(d) cantilever bending, () three-point bending, (f) four-point bending, and (g) \ deﬂectlon

torsion.

bt
“oypont o P oepoint

(B
L o
I 1

(U}

—

()]

Geometry and loading situations commonly employed in mechan-

S9.5 b pud> plol root canal therapy b euiSs 09w ) Qb eadles 0 45 GBg:Torsion

85,3 o 013 3 file &5 590 astorsion (g9, L g compression b xS 0 5)lstensile

g plowl YIS ol tWisting (9,4 b js 25

097 M8 (0 @ Sl J2S 4S5T o9 WBrittle .cwlductile o brittlecs g 95 4 85k S

39 6oL ol ols sl o

63 ©l>) o 3929 (63bJ w ie] OliileiSle )3 EuS S 3l W90 4 ST, b Brittle

(31>

Tests for strain - stress measurement
:Diameter compression test

s Diametral Compression Test

=alternative tensile test for brittle
materials TS=2P/qDt

= Tensile stress is directly
proportional to the
Compressive load

390 50 JS abrittle g ol SO 0390 tensile Yliwe Oz 0

Tensile stress : 2P / DT
tensile. 59w 4 Cul s o COMPressive (g9 4 boadime tensile stress
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Bending stress
23 38 g0 Jori yols (5 4 Sy 13 53 5925 s b 450 3 panr 3 45 Canl g GG s 55
Db o0 e (S 9 Ob 020> el 45 315 D929 el 93 s Sluiiy 95 <5 J>

23l SO U (9l D yguar 9w Camns LSS, u':»“lo)'T 3,90 dlge y3strain gstress . bending test,s
S gados S)lg

L tensile Jio cakizo (g i ol 0 > brittleslse Joos )38 Oanogd Sl Cuns ol Jl

39 g0 p3lauwlcompression

G 395 IS Jubiiane (5 Ugod 3 (589 . 39d g0 23l brittle slge (sl :Fracture toughness
b O3z 9398 o (localized) ;S joio dhiii OT )3 Stress (e 138 2w 1) 9 sy sl SIS
097 - peoaly Cuwd 1) (2Blg 338 398 g0 Eacl 9 @12 o0 M5 3 1) 32y 4 dhiis OT I crack e piuy
a2l Carodl 313 3929 Hall 9 (29Sww9 Sue s WL 9 Crack, flow (S jslais slge ples s
-l 3Ll
3l g0 Crack Cé i w3k SO Caoglie slize 4 fracture toughness u

.Cawl 5 s flexural strength jl fracture toughness 455

point bending4:cll> s fracture toughness Jge 8

L -max = maximum load
lo and | = the outer and inner roll span
W and h = width and height of the specimens
d = length of the crack
Applied Force

l L,=8 mm

5o r'se —_— —_——
.)'_mm Ot O~ 12.2 mm
0
O — <« 0.5mm -
L,=22 mm
30 mm

93 )1 e g0 )15 s i l) Mgo . euiSue slmImMm 0.5 Gee 4 crack S cus (ol plosil 1
oo tensile g9 jl L 598 o0 31945 (29005 - pal> b U3 e SUPPOI 93 9 @aiSao 319 95 B b
0 Cawd 4 (Sz9S d3e b yhdu @ S|, 39b o (Propagate) isw crack g guea L. xdb

397 50 )5 4 brittle slge sl jiiu 45wl bending test g45 SG Fracture toughness g . |

Page 13 of 17



1)393 S0l JiS Jl> o s tensile b asb compression g w a8 es 3,8 ductile slge sl
35135 Sl sl slge den S 398 (0 plwil ol sl . Fracture toughness sl
T oS 5o sbmlcrack . fracture toughness s |z Jlgw
L3555 (i) tOUGHSIg pl3S el 4kl sl Ols=
propagate 5,5 ) o3k 595 J3ls Crack 4 eal 55,5 sbul olsgs 45 ! crack (crack «5 sbo;
"propagation fracture toughness resistance to glhuol 9 cuwl 5 tough ssle« (39,2 Liuy) 39
. 3 e S @ OT (gl ucrack "
3S pode 2L xS Stress aas Lasuis Mg Suwilegil oliws 2l 23k 395 43 Crack 31 ass
S Sbul Olesgs |y Crack sub ol by sed(concentrate)

The tougher the material , the more slowly the crack propagates .
Fracture Toughness, Kic : A mechanical property that describes the resistance of brittle
materials to the catastrophic propagation of flaws under an applied stress

Influence of tensile and
compressive stresses on flaws

BRITTLE OR
BRITTLE DUCTILE
DUCTILE
MATERIAL MATERIAL MATERIAL

TENSILE TENSILE COMPRESSIVE
FORCE FORCE 'FORCE

A/P Rafat Bagheri

(structural ssl strength 059 Vb o (Fue 234 3ulgs WIS Olils 0 jule OBl paws |z Jlgw

Taigdh o fail o5 L (590 L material) structure
(s 0392 15kl 42,8 L) 1 3giue ploul failure o) JoVs 4 OBl Las Oly=

bl oz iz Il o il Y

Do bl g 4N Ko yehy G piwl V1
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3 Lais) microstructural defects U (959 Sue sla BIS&) microscopic flaw T cle . 398 sbul
Jgeol b 1) Sy 0133 (5 83l b 45wl ol 8y oy sier Ysoro 5T 0302 o Jl Sl -l (o) sl Jlisbo
sl (p x5 b jl) dlge 10 aS Caml Aol po 9 Jgeal LI (13 ) POlishing sisl 6 . S POlish mamo

- giuro

s fracture toughness test jl 2059 (S 2usd) fracture cuws (saxSi) brittle slge sl padlye S| 4S5
S 03liwl diametral test jl oo uSo (JiuiS) tensile cuws ealysn S|

g 319 83l Z ) Chow 4 RIS (945 9 Cuwl diametral juSe . tensile test &S5

3929 L. cuwl jxgu flexural jl fracture toughness cus« (s Lad) compression slag s jl ool > 485

S o0 B e (53U (5 83l 9 3,1 (VL (s Jleiol . cuwl Ci fracture toughness asa|
. S (0 o3kl diametral s jl SIS L flaw sl aslsk

osliwl diametral jl s euiSue osliuwl tensile g5 jl <l brittle U ductile slge s sl 2 fope 455
'A’:...n.

stiffness g hardness & glas
(ability to resist scratching) 1,3l 43 83k b Caoglio :Hardness

(S paasts) opianSl ol 0 )3 Caoglio Stiffness
hardness L asb 95 355 Jbio (sl « Cawl (S 1255 slge Selection sl goge > Jbee hardness cus
- dgdue S5 03k (Wear) jiolw el 5 hard ssle 0g 35,48 JLS e (59,290 OB U5 Wglite s

o2 2Vthardness o ls 2V (Giale )5 Cuoglic) Wear resistance 45 losk ja Oloiol Jlgw 4ges
hardness sl a3l 51 Jle Olgic 4 59d Cand 2 puildnes CuiS b Olgr )3 9 Camwl w3l O)le ol 315
Wear 45 puilaws (Jo¢ 398 (505 vl (2l b wear il o islgs (Jo 2l adls 505 5 03k jl (5 %S

. (5940 23litwl hardness cuwi (sl » microhardness tester sSuws .o 1> bls,l hardness Lresistance
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S9S 4z, 2w opl U3.) 39 0 p3liiwl 35 1> oYL elasticity 45 Sy 9 (08 B Slgo (510 jidun &S

conSl 9 Cuwl pieShardness sy, 9,8 asle )3 =y pw 9 i
-l Vickers 9 KNoop (sla siws LT ¢ b9 p20 45 esSse Cans digital & g0 42 1) hardness » jg ol
:jl a5 le W digital hardness tester ,ulw

oo 83wl OIS (sl b 9 (S s OIS )3 %S 45 Rockwell g Brinel

398 (g0 03litwl (5 M8 LJB slgs (sl 4 WL a5 Shore Druometer
Hoge B> ) Jguar

P (Figo 3 Sl vulss g SO O )90 4 138 s > 403k (59, Knoop hardness 45 ,_gS..i..
(T indenter Colis Jus ) . Cawl a2 $J9) S & 900 wVickers hardness

sioS hardness gy 3L 850 $is) 4z, J9 Cawl i hardness aib 5V ool Cawss d3c 43 ).n.

Hardness Tests

Knoop or Vickers | Diamond 1-2000g Microhardness of

soft steels to
ceramics

Brinell Ball 500 & 3000 kg Soft steels &
metals

Rockwell Ball 100 kg Soft steels &

nonferrous
metals,...etc.

Shore Durometer | Needle Spring Elastomers
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