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ABSTRACT

The stress-strain behavior of materials is traditionally characterized using uniaxial tensile or compression
tests. However, these conventional methods are often impractical when dealing with small material volumes or
when localized mechanical property evaluation is required. As a non-destructive, simple, and widely applicable
alternative, the spherical indentation hardness test presents a promising approach for estimating mechanical
properties such as the elastic modulus. In this study, a methodology based on the Brinell hardness testing
principle is introduced to estimate the elastic modulus of materials. The obtained results are validated against
data derived from standard uniaxial tensile tests. The findings reveal that the estimated elastic modulus values
are significantly influenced by the applied indentation load, with optimal accuracy achieved at a specific load
level. Deviations from this optimal load, whether higher or lower, result in diminished estimation accuracy,
primarily due to variations in material pile-up or sink-in phenomena surrounding the indentation zone. These
effects alter the penetration depth measurement and, consequently, the calculated mechanical properties. The
proposed method demonstrated an estimation error of less than 5% for the elastic modulus. Moreover, the
optimal indentation load is found to be material-dependent and should be determined prior to application.
Overall, the results confirm that this method provides a reliable, non-destructive means of estimating the elastic
modulus, particularly in situations where material availability is constrained or localized evaluation is required
under in-service conditions.
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L. Introduction destructive techniques. This study investigates the
feasibility of determining elastic modulus through the
penetration behavior of a hardened spherical steel ball

using a combined theoretical-experimental approach.

Accurate determination of the elastic modulus is essential
in engineering and materials science, yet conventional
tensile testing methods are inherently destructive and
often unsuitable for in-service components or materials

. . 2. Methodolo
with complex geometries and heterogeneous structures. - 9y

As a non-destructive alternative, hardness testing,
particularly through indentation methods, has gained
attention. While most previous studies have focused on
elastic modulus estimation using Berkovich indenters,
limited research has explored spherical indenters
employed in Brinell hardness testing, despite their
simplicity, availability, and widespread industrial use.
The ability to locally measure the elastic modulus in
materials with diverse microstructures, thin films, or
welded joints underscores the necessity of such non-

In this study, the elastic modulus of metallic specimens
was determined and compared using two approaches:
uniaxial tensile testing and spherical indentation testing
based on Brinell hardness. Tensile specimens were
prepared according to ASTM E8, and indentation tests
were performed in compliance with ASTM E10.

The multiple partial loading and unloading
penetration test described by Field and Swain was used
in this study [1] and allows the elastic component to be
estimated directly at each stage. The results of the tests



are load-depth penetration plots and are shown in Figure
1, where repeated loading-unloading were performed,
and the elastic unloading stiffness was calculated from a
linear fit of the data in the upper third of the unloading
curve according to the Dorner and Nix method [2].

The radius of the contact circle is traditionally
determined by measuring the location of the indentation,
assuming that no recovery occurs in this direction during
unloading. The diameter of the contact circle can also be
estimated from the measurement of the indentation
penetration depth, provided that the indentation shape is
sufficiently accurate and that the Piling-up or Siking-in is
properly accounted for (Figure 2). Norbury and Samuel
measured the diameter of the contact circle and its height
based on the recovered indentations and calculated the
penetration depth, h_, below the contact circle [3] and
found that the penetration depth below the original
surface varies as a’ and the ratio h, /h, is constant and a

property of the material.
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Figure 1. Measured load-penetration depth diagram and
linear fit of the initial part of the load-discharge diagram
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Figure 2. Schematic of the geometry of the depression
around the penetrator

During the test, the load and penetration depth are
measured continuously. Without appropriate corrections,
only the radius of the contact circle at the initial surface
can be measured, and if c can be determined, the
relationship between this value and the radius of the
contact circle is expressed by a = ca’. Performing the test
in several stages, with repeated loading and unloading,
makes it possible to measure a’ and calculate cat each
stage. The value of the parameter c is calculated based

on the linear regression of log(P)—-log(a’) and the

calculation of the Meyer parameter; then the radius of the
actual contact circle at each stage is calculated using
a = ca’ and the penetration depth under the contact circle

is calculated using h, =c’h, or h, =R—-+R*-a’ .

3. Results and discussion

The results of calculating the elastic modulus at each
stage (at each separate penetration load) are shown in
Figure 3a and the error of the calculated value is given in
Figure 3b. It can be seen that the calculated modulus
value is completely dependent on the penetration load. At
low penetration loads, the contribution of elastic
deformation is significant, and at high loads, the amount
of deformation around the depressed area increases and
the amount of piling-up or sinking-in due to surface
distortion by the displaced materials increases
significantly. Therefore, determining the elastic modulus
with appropriate accuracy by this method requires the
correct selection of the penetration load and must be
optimized in advance based on the type of samples. The
error values show that by selecting the appropriate
penetration load, this method was able to calculate the
elastic modulus value with the desired accuracy, about
5%, while selecting the inappropriate penetration load
reduced the accuracy of the calculations by about 40%
error and practically rendered the method useless.

In Figure 4a, the instantaneous penetration values h,

calculated by the relations extracted in this study are
compared with the measured values h__ , during the test.

max ?

It is observed that the h. values are always greater than
h.a » Which indicates the formation of Piling-up around

the penetration area, and in Figure 4b, the deformation
area around the penetration area for a load of 300N is
shown, which completely shows the Piling-up of the
material around the penetration area and confirms the
calculations. Also, with increasing penetration load, the
difference between the calculated and measured values
increased (Figure 4a), indicating that the material Piling-
up more with increasing penetration load and its severity,
which is a logical trend and was also observed when
observing the surface of the samples around the
penetration zone.
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Figure 3. a) Comparison of the calculated values of the
elastic modulus based on the analysis with the value
measured in the tensile test: a) Error diagram of the

calculated values
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Figure 4. a) Comparison of calculated instantaneous
penetration values based on analysis with the value
measured during penetration test, b) Image of deformation
created around the penetration area

4. Conclusion

The key results obtained, in summary, are:

e Based on the presented method, the elastic modulus
was measured for the test samples and compared
with the value obtained from the standard tensile

test, and based on that, the effectiveness of the
presented method was confirmed by meeting the
requirements.

e The accuracy of the proposed method depends
significantly on the magnitude of the penetration
load; in soft materials, the amount of material Piling-
up around the penetration zone is strongly affected
by the penetration load, and therefore it seems that
for these materials the accuracy of calculations will
be more sensitive to the magnitude of the penetration
load, and for hard materials the accuracy of
measuring the penetration depth is greatly reduced at
low loads.

e It is essential that this method is optimized for the
material being used and the appropriate penetration
load value is determined before use.
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Fig 1. Prepared test specimens: a) tensile test specimen, b) indentation specimen.

' ASTM E8
2 ASTM E10



Stress (MPa)

100 ——Engineering Stress-Strain
50 ~True Stress-Strain
0
0 0.05 0.1 0.2 0.25

0.15
Strain
ooy o3liiwl oolo cwdieo 9 (i 45— oS 6Ly ged ¢SS g0l glis Y S
Fig 2. Tensile test results, true and engineering stress-strain diagrams, of the material used
0dl (6 S0l Slsa plgs ¢ pinS OB‘”)T &L Jous

Table 1. Tensile test results
(MPa) sl il ygmilgy Cons (GPA) SVl Jgoe  (MPa) s s

YAN /¥ YviAa ¥

Sldllae L VAV ams bl jo StV Jgow 605 o3lail sl (tolosl Hlnl SO lgie as 3985 Gac—g,ms loges 5l eoliiul

A>po o )0 Sgigec 5 Wb I (o Dygo 4 b el e IV] b T Sen 5 Body it (el sy
30 dgi gas— )b gomie Sled ygal (0gd oo S-Sl S s blos olidl el )L 20158l 0ed ce (6 S oMl
Anlol 3985 Gol (o yidon 4y (ydumy g ddoninn 355 G U g ol a8 MalS logad (6,185 )L yidu el sadosls ylid @Y S
o dalgss B JalS gl as 39a5 aSIl j0 sl oo anlsl )b JelS B b g 09 o T (6,08 10,b o g5 (20T L e 13,10
g Sl sl b ools ol (gilulas wile wales Bl axdad (o Baile job 4y oads oloyl (Sid,9,8 ¢ S0 s 31 2850
SV 232 a5 Caodgy D0 ol s dllie cpl 1o dslllan g, sl bl Slge olgm 4y bgs po Dledlbl 2l il (gl o SLodly
S5 BB Sgas e iSTas jo Laid Sl g SVl glixl il o awods oS (5 )10 p,b Al e sla s uFe Il bl
o 6?\.3)3)5 ‘hmax 05.0.:@».& ).SL.\> oW JJJ.’U&A‘ WLJ uylﬁ uo)_@ l) LQ,S ‘5>L~o L}"J‘Q L MY‘ £y> L)M 9 Al
Gl g8 oo 0apel (6400 0, StV S5 a5 (610 b idu glal [ 365 Ges—g  Hloged ot el P )L iSTas

P 2

s=—=—=E/A M

ah
oo adgl ool 09d oo b3k JolS b ST USS s (sl )k 0 A el SRl 5 ST IS s S
Lray Ssaigos 5l o)l oole by S5 oty Goll Dy (2l Bee 5 ool 3585 ST (s (8= dP/dN) (sl 0
howgts &5 il (59) oxilolr @y Sl jlade b (o8l (wled gl (3992 S5buns (28 L5 o)k (G 655 oI L Ll snile
892 39093590 (bl p WadgdiGas ) (B enl pogdle 09l o drnlone AL 2alS Jgoo 0995 o0 (6 1 03l 0 5Sng Se
Lol 00053585 5 Aigad ( (528ly led Bas aF N (aBly 3585 Gee Ly uled Gos wle gl oo iy a3 (ST - S



L
Pm". ..................... === e a s
Piling up Sinking in
3 I -
5 Original D p i 4 Original
5 § = dP/’dh Surface \\,/ .~—-— : - !‘ a1 ; Surface
= ; h o I e Qo ! l / hy
E Loading A / 1 ‘ ‘ 7 !
@ | ¥ A
© LM - =t
s - i ‘?
Unloading T e ! f I
— ,,/ h - 'd fllr / Circle of Contact 'd | h,
(a) v R mas (b) Circle of Contact

Indentation Depth h,

Fig 3. a) Schematic diagram of loading and unloading during the process, b) Schematic of the geometry of
indentation

a5 o 03l o [VV] casloas oolil axdllas oyl 45 o 0010 = 1 cpygas g ald Lawgs a5 ailfaus S5 s,)10,0,L L 39 yge5]
Gos Jilie ;0 4L sla,loges g0 as ialesl 5l evwlcawsas (slaosls .5gd 08 (et dl> 1o 18 [0 pudites Hob 4 SVl 3> b
Sl 5l ite 4y Vgane Soii gos— b abul, Cawlosg 4iids e hs /) b ply 5 Sl 6,138 ,L Cas s g o 00l Liuled 3985
e g9 gl oo 0018 S il g Lo aiile e (sl st g« oloml 2398 9 £ «Dligasy au el il S als o3lasl asile
iIs mmmty S a2y Al L1, qulis 285 5 Cono aslyie o abaslys iSai Sl el o il ) Sapm o
Slge sauasylis (S jabas saal Cavsds gl b wigd oo (5,5 (eSilie o g o0l o ale;] 1S5 b aslie slaosls sloeg S
Gl 5 Slslre 285 50 Vb sl rizmen ww0 o L 1) Glalesl LS5 HLY jlends (608 5eSilee (slaosls ¥ S iy
Orad Casloalds aloul alizes \b paiz b ygel ot oy zols <o j0 344 )L Jlade 13U axdllas Bus b pizxen g rools
Siloass pll S sl s,10 )b 6,138 )b & g0 sadosls ioled ¥ S ,0 a5 jghilen wais ploul slayge;]
400 r

288

Deviation from
/ '( ‘ linear behavior
/ /
/ 3 j'——/
a4

0 0.05 0.1 0.15 0.2
Indentation Depth (mm)

(63195131 510905 aalsl iy s (35t 5 oo (6 S5l gk as— ol ylogad 1F S

—

8
T
~

-~

Indentention Load (N)
[ ~N
888
-~

Wi
f=)
Y

~
~
-~

o
h
h
L
-~
~
-
8

Fig 4. load-penetration depth diagram and linear fit of the initial part of the unloading diagram

33 S A g Sl S &0 4 ()05 )L 5 3985 Al o 50 S i odes 45 998 o0 oualive @l (o) 2 5

gy o5 85 U8 Sl sl IS s 4] 6ot e BB 235 L plyiooe s men & e ol 6o
oadosls (Lis ¥ JS& 50 a5 jshiles 5 S a JolS jeb 4 loged cnl andlicaal ool cpl 2 (08155 55 )l sl (o Loy
srgy ey bl @l &8s g)lop)lh yo ol (s b, (558 Como o)l (e 28 DS ()18, Jlaged (6510 )b g,y sl s
Ol 4z ST g 09d oo onalive (o Loy )18, 65l )l (giovie Jol po o sl Jlao adsl Slaslive (bl 2 Ll 557 salys
F) d9u> 3 (2l Sen cpo ke a5 35 ol (S Soe LB, (ol Bl oo (JoB S 280 L Lol s (e ML LS,



Ly ool SVl (st a5 w508 slpiday S 9 590 shos JB6l, o lgie 4 )05 oo amo oyl (pl ceslie Es
IVYT o5 ailone 5 o 05l (ciomin YU pomr SO (sloosls a3l 5l o)lg5 oo

S Julo Y

L stalojl 0,50 ankad rlaws @y D ja8 b oo (9058 (55,5 dozlo S (0,88 (i dawgi 0ad slpiiay alesT ol
D/d o a5 (555b 4 sl o adgl o 05 55 0 3983 oe g rlaw )0 22 Sl L il (b 9,8 G ol 12 P
adgl s 50 Ysano 05 o atedes |y (Uishiz Laos) 0aiiS3gi o axkad (ys oled 45 (gloppls il </ | /) oogiome ,o
(S3855% Jelods ouh Lulx Slse bawgs b glrgel 51,07 0538)9,8 b ' el ol bl T ey b VL o ] (S oS s
—JS8 s (el a5 9 Vb e 0 pls Load (65051 (5898 S s 098 on J S o0le (S5 )5 (g Lo g oln]
il e 45 55 ol g e K589, ol Lray i1 oo gyl s it y3b 4y el 05l e sl 0 ools (Lt LY
S92 3985 Fes (5 S o3l 5l Gl oo |y (leS 0l SlB (izman 398 g0 (S 315 (003 D90 5505k Al 3 S cnl 5o
Aays s a4 ol 50 e o aidyg B L g el 5 0Bl BB (I ol (Kb b IS aShl byt ) (esS 5

i oJol al o 50 [0] g8 o ploml Al o a0 Setwdu- Sl Slge 13 (59,5 0digye,8 S a5 3,5 Yokl wendl
shos 53 5 s nled ailane S 50 5 (Sl )5 Suadly Wt S s XS (o0 Sa 2 O3 5l 5 anl SIS S
laosls gl 095 o0 )13 0 ol Stdly 0l Caled )3 9 09doe JoSi5 )l (S oole (S )5 sla S 4 oS
oy Pu/oy (JolS Sexadly ooz & Sema¥l S i 51 JWE! ol o a5 0l i g 005 (10,8 cilizee mylia 511 S9i
G0y la 4l g9y amgte Lad By (T jo a8 ol i 28, /Doy s (g 15551 o0y 8 @l S plgieas g
Dgdee Gl )kl by el Slals Sl Joae B g adls S8 s eole (L >

1 (1-07) (1-v) )

RUSUOWE- owopélfmwfom U 9 Ei 9 digod 6‘)‘.’ uw‘ywsmy‘ Jj.\n S AU, g Em =L]a.)|) L)"')OAS
Sty lyz 5 995e yiiS Sem¥l sla S gl dauss sy USE i (JolS Semdly Sl dnwg Jsb o
b 5|z, diges mhaw 08 o0 dgaome Bl S s adlaie Blbl js euisS ablal olge SV S s b e
h, S5 Gas Gobol Ol 32 5 Sl ouds il la S3855,8 (bl 1y T elis | 5 ules ol a8 Jgales 5 555595 25
b i /hy s g ol Oglie 87 s p ol o 15 50 39 Gee 45wl o ¢ [YVF] wio )5 alone 1) wles o pls 5 50

)‘ MJL.C LQ)ML} wLw‘ u.a‘ » (x_)v —JS...:) Sl oole uo‘9.> )‘ 9
2 _ g2 _h/_..Nh
= Mg ™

Seatd OlFr (39 )lge 4 az g b el (ol mhaw 4 S oleS 0 pls ol Iy g uleS 01 25 50 3985 Bee I a5
IS o ateden |y el (0 odel b i pg 8 (s e 4 28 alss )8 digad Lo el liten wleS ol CF =1 o a8

oo oo ol oyl B 23,5 a5 (solge sl ales 5l o as pd SiwVIgSiang olge 4 1 350 Sl oled J> jeuio
2yl Jgeles 5 69,95 sbrosls 4 (5 e canls a5 [VE] ols @) o5 ey Loy, opl ciogs sl slakal, § ols dnugs el

! Piling-up
2 Siking-in



™)

(2n-1)
02_1{(2n+1)} 1

2] 2n

G st et iVl a L 5l oolitul b g Joo awgs saisddl)l o il wo oz 5l ooliiul b oo g 5,5 gl ¢ o
oasadly) abal, V0] WS riwions sgame szl slaig, LTy 095 gl o cpend 39wl Jolhe ales sl 1, @2/Dd
bld jguie alayl ) b anslie o Pgelw 9 (5,590,850 sroolo b g il aS 0 55 Dyg0 4 lin] Jawgs

()]

ou plomil Julod' ig) gu o 9 gl -F

50592 5955 e phaws plgie 4y Guled 4l g 05 g0 Ly yai uled 4l 59y g Lamogie L3S plgie 4 Ji (S 0ae
hgie l2d Taw Ll ogdise dipw ol oad akie oled suiS  jgame opls g a5 L cos
o dle elads (i pgade b1y s o 0ols s 5 cade ol 5o 00 oy 4l ol 0ad dlme « P, = P/7z@°
Ly 1 Jowe S0l b cow job 4y (wled o pls glads ol wlad o plo glads @ alaly cpl jo aS o jls cillas Jole bl
0pld 8 (yizred S9bge S 95S (003 Djpe )10k ple )0 Sz (nl )0 Slik e &S (B8 (Rl g (89,8 onibe
ool 2 g 95l 380 SIS osluil ey (85,8 JSb aSCul 2 by pie 005 (et b (S3B 9,8 3588 Ges (5 Sl 5l (lgian |y eled
gb i) L (s o ) gl 43898 by

Oype 4 Sly salal) b bawgte JLad (]84S S8 ax g 03,5 (o p 1) (59,5 0aiSSeh (K98 Alie Ll ph e
Ave]l cool s o /D cai b 5

k(%)

cs8ly Sy 55 ,5- 2 sla s | s BB s a5 ol olas sl T aites oole olss ol nog kg oS
VY] Wgs 3510 p5 JSE @ eoles olgs (598 SO L awiles o cdél wan] co s 4 ool 2eiS (g0 5l a5

=k, A% P

] Al BB 5 adal, b cand ol oy does cpl 4 Sloslie ol olows wlul » 40l

'% =ap” )
2

oS 5 b cales o I Jasiis /F G VIA L ol Jyene SIS 6l cd @ a5 ates glaculi B 5 @ alaly opl jo oS

Wl oo Gy s alaly 398 Oljle aan
1
P :aki(ﬂ%)n @

1 o0le s LA il YIA b L Py oS o sgpm s abasl, 5 o] (i i S 45 slosle sl alasl, ol obsl 45
ool 0.4a/D 35,5
5 09dse Pl sl gl 4y Sl 35850 (S0l 05 o ploml Aty j5boas S9iiBas 5 5y (5 yeS o3l alesl e
plml g g gad Jols |y canl lge alomlar 5 S0 sd S @y grlans (08 a28)9,8 b g osel 51 (3L a5, Lis pole s
et U e ol o bl 4251 035" (68 031l ol 4yl srbas 5 olad 05l pla a5 ) @' ol co o5 cemlio oS

A



syt LialesT plosl el 13y ISal o s 0,5 peai |y © olgids 5T g 050 ol @ =0 alal, b Solu 4y olas ol
S (56 e Al g0 0,01, € a5 @7 (5 S0l Il ) S Sy slasy b L L glal e v
22,5 e |y € 5l Glsige o byl 1 5585 05 )8 e 5 0] (et 5 () abasly 0 (6,1 L

og(p)-too "/, Js(e- 3 onte) 0

ol sleslaiwl b olgs o 1, C° Jlade g ogr walgs > cplewd 241N e el log(a’) 3, 10g(P) Jas ;ygum,5, L
el saools oylis ] i b S5 o as 3,9] Cawdds (7) alal, 4

Log(P)

-0.2 0.3 -0.4 0.5 0.6 -0.7
Log(a')

o iyl aiges 1 10g(P) —log (a') lages 6 Jscs

Fig 5. linear fitting result of Iog(P)—Iog(a' )

039t shbate o8 Sl (o al 5o (Sexy gVl L8, b slse (S g9, Giulesl o M SVl 358 Gas 5 P alal
Sl soie gl o (o ol 30 b s |y ool g 25 oleS 02l S5 S e 45 WS oo sl |y 5% 0l
b Gl S Ol plsie a5 eud (28 ol adsl ceand 1o (il (e 1 el Gl a4 Sem ¥l (s 5] Cendey
Slabul; ol g eenl 5335 (59,5 00ig)9,8 S9diGas Sl Adlge (sl 098 0 drwline (5510 (v (il Cend (59
VAL caslosls a1yl 525 @y g0 1) SVl amiops Lama 53 (55,5 03598 o SgiiGac sl
h = 0.825(%*)% K7 on

dP/ _op’
A oY)

ol aidon Jb o gl b pomie 5 wles s d%e g Sl E’:E/(l—uz) Lyl pl 0 a8

Ol g Yb (idugs 4 dmiond G 50 (65,5 cdio gl SO Sl 3685 el il ooly L OV - IS (o 4S5 jghailes
25 5 Sl Sedigac a5 wisls lid 518 g jedgl o )ls (S 003545 dsais 4y (GOl AT 09D (o0 el bl Laime
ihd Nlioe Cawoas iy abaly b 6,00 ,,b 5l (wlad 0l

hI = qpmax (dh%Pj (\V)

s e led 0l (a5 Vb ar sglas jsbo & Sl amions ;o o (55,5 0nigy0,8 S Sk el ol S5 G oS
355 oxgy98 lr (nlplo 9 955 aruloe o alal) jloslital b plgs oo 1) (wled 0 0ls 5 50 SV 353 Foe ame )3 9 355
< q=0.75



h =0.75P,., (O”%Pj 0%

:0)5 Ml}:.c ),v) d.]a;l))lg hm Jfos.m)lm k5)‘§°)“h‘bu‘9"g5" |) hb ‘cb.lﬁ‘c.’a‘ud.:uwu»l.o.' a).vl.bj.v))b bjmd—o-c
h,=h, —h 0

139850 dmlme nj alal) bR (69,5 onigye 08 elad g Iy jlade ol 5@ gl
a’'=J(2rRh, - 1) 2

Ot b cplpls oS aulxe (wlal QT 2 olen ]y o28ly led o pls glads a5 Cancd wyiws o Sledlbl gen oS Lgu'U
1090 o0 003y 3] alayl, 5l 50 E” Slake pizmed g ool QT Sl 09250 (posd

*_ Pmax
E" =075/ o

Slade el € Jogzme Hladie b caslie BT et 10 oads sbl slas ca glp cuess (lgie 4@’ 5l solitwl &gy
55 @88l5 ooled 0l by s 1095 o0 dalins o el dslome 5 109(@1) (55, 109 (P) (ot (y50,8 5 bl 2 € ey
oo demilme N =R—R7—a% alul, g h, =C7h, 5l ooliczasl b led ols 535, Ssiiges sa=Ca' 5l oolicil b alo o o
Lol Jlade o)lgs co b g g oo (ymans (VF) dolas 5l ooliiwl b al> 0,0 50 E" al juals SVl Jode polie ‘yiomad 09
2,5 Pl € psrai ol eolaiul b al> 6 2 g0

SJaie gl o-F S 0 5 ool las allF S 0 (e 3985 Jb 2 p0) o ge 2 0 Sl ot dulxe gl
e Sl 3625 (slag sy el 395 (6950 U MlS ould dlee Jaue lade aS 598 oo daline LCewloald 00,5l culid il
8598 b kel yloio g 4By ial8l asd g8 ailate SILLI o S5 i e ol glag e 39 9 Conl jeRatir SVl S s
Ol b SVl Jgae sl 280 b s (lple b oo Rl (6 5Reiar ok 4 00l Ll Slge Lawgs mhaw glagel 51 o
LaS wasee lad s iolie 098 ainge i 5l baiged iz (bl s Sl 3585 (6955 S yd DLl il s
Ol g S dwboe 1) Sl Jgde Hlade O 090> 0 wogllae o b a5 Closg 0B g, pl canlio 395 (69,8 ol
S oo 00laiuL 1) (yig) Mes g ool uals Uas /. sgux Uy Olawlre <o cwlinnl 3985 (69,8 Slil a5 el Jl> )0

45 r 45
40 ° a0
E 35 35
g =
5 30 [ = = e B N - 30
525 | = £ 25
2} N )
s . £ 20 -
215 | “ 15
= 10 | * Analysis ===-Tensile Test 10
S F 5
0 1 1 4 1 1 4 1 0 ! ! -
50 100 150 200 250 300 35 400 450 100 150 200 250 300 350

(a) Indentation Load {(N) (b) Indentation Load
ol glas 4log0s (A pls O,n}i % 00w (g S 03Il lado b ol bl Sl Jgow ol duwlono 0l g Ui (&1 29 ST
S duw lxo
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Determination of Elastic Modulus Using Spherical
Ball Indentation, Brinell Test Results
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ABSTRACT

The stress—strain behavior of materials is conventionally evaluated through uniaxial tensile or compression
tests; however, these methods are often impractical for small material volumes or localized property assessment.
As a non-destructive, simple, and accessible alternative, the spherical indentation hardness test offers a promising
solution for estimating mechanical properties, including the elastic modulus. In this study, a method based on the
Brinell hardness testing principle is proposed to estimate the elastic modulus of materials. The results obtained
from this technique are validated against standard uniaxial tensile test data. It is shown that the estimated elastic
modulus values are strongly dependent on the applied indentation load, with optimal accuracy achieved at a
specific force level. Deviations from this optimal load, either higher or lower, lead to reduced estimation accuracy
due to variations in material pile-up or sink-in around the indentation zone, which affects the penetration depth
measurement and, consequently, the calculated mechanical properties. The proposed method demonstrated an
estimation error of less than 5% for the elastic modulus. Furthermore, the optimal indentation force is material-
dependent and should be determined prior to application. Overall, the results confirm that this method can reliably
estimate the elastic modulus in a non-destructive manner, particularly in cases where material availability is
limited or localized evaluation is required under in-service conditions.
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