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Research on failure mechanism of cylinder axial load 
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Abstract: Based on boussinesq problem of elasticity mechanics, the axial stress of point load test is 

analyzed. Combined with the brittle fracture strength theory, failure cause and failure process of the axial stress 

of point load test are studied. Results show that, rock sample surface contacts with indenters under the 

interaction of compressive stress and tensile stress, tensile strain reaches its limit, and then tensile failure forms 

firstly near the indenters. After undergoing the partial failure, the stress concentration occurs rapidly, and is 

transferred to the deep part of rock sample by cracks. When the two cracks get across, rock sample will fail 

completely. 
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i&t!Mltt1*139-*~jj a , ~~t~jj 1: 1,:tinOO 1 Elfffi. 

~w~~~~•*xm-<**OO~~~~•*JJF 
l39f'Ffflc2

i .Jt~~l39MiJ?t:At?tJJU~ 

<T = _ ~[ _ 3p2z + ( 1 - 2µ)r]; 
P 2'ITr r 3 r + z 

u = _ <1 - 2lf)F( __£ _ _ r_); 
"' 2'1Tr r r + z 

(1) 

2a 

EE-T~liftJ~ti:IM!tt1*:bnm~_tMfJ139)t;fJJ•lf&.,iiJvl~p = o,r = z1irA(l) :t\:,JJlU1tJ~1H~-*xm.1Jl-OO 

~~-*jJ F ER:ft~_Ll39MiJ?tJJUjj 

<T = <T =-_f_~. 
p "' 2'1Tz2 2 ' 

(2) 

Tpz = T zp = 0. 

t!H!J:\:(2) ,m:#•*JJ F:lf~:bum~~ffMJJ, EE uz tl~;¥1r:bnm~:/J~~ttMJJ, EE up .q u"' ~ 

IPJ!l1~.H=-1lf*Ei1f.¥1r. ~*x~~-<**OO~~~•*JJ F f'Fffl .Jt:bnm~_tff:-,~139ttMJJ_qffMJJ?t 
JJU~ 

(3) 

xtr!Mltt1*~~.~mait!Ji, it1lf: _t r1PJa-B~:¥IJ-xt*'J\l§~l39ffMJJ F, ~.rlt:bnm~_t1f-,~f5JIPJ 

at 5¥:¥IJ _tr 2 1--JJ 139 ~ nflil. 3f H •M:¥Jlm ~Jll! , ~xt JJ 139 fF ffl m: Ill :Jik:ff ~~ 139 , :ft.rlt~ ~!Ml tt 1* JiI Ji'. 139 ~ 
n[lij. ~:bnm~*·~jj~,~.:bnm~jj_I!£~ .•~*ffixfM_l!£~*fffitLCEJf~MiJ*1J\,JlJ'l.1r1a*fij* .•m 
:t\:C3 )xt_tr 21'-ffMJJ F :ft:bnm~_tFJfyz:~139MJJ:itHf!i:bn .~~¥IJ:bnm~_t139~,~ z tttER~ttffMJJ 

?tJJUjj 

us = 3F 
2 

+ 3F 
2 

= 3F[ 1 
2 

+ 1 
2

] = 
2'IT(a - z) 2'IT(a + z) 2'IT <a - z) <a+ z) 

3F a 2 a 2 

2'ITai[ <a - z) 2 +<a+ z) 2 ]; 

_ F ~ F ~ _ _f_~[ 1 1 ]-
Utt - - 2'IT(a - z) 2 /i - 2'IT(a + z) 2 /i - - 2'1T /i <a - z) 2 +<a+ z) 2 -

F ~[ a
2 

a
2 

] 
--2 2+ 2· 

2'ITa /i (a - z) (a + z) 

EEL~0:tt.?tfi!Mltt1*~~Ama~m~_tttMJJ_qffMJJ?t~•~•m•~~~ttMl39m~~ 

139 !OC -01, H rl~Ft't t~µ .q1a:f't~ m 1f.~fiiJ~, lif-tl39rs:f't~ m ?tJJU!OC -013 lll 5 at, fF ili :bnm~_t139MiJ ?t~~ 

~ '_1!£~*fffi*Ulljjxf M,~ 139 *fffi-01 z _q a 139 t~-01 '-~*fij*Ull ~2 F 2 jJ $1.il .J=l:~*:!ln 00 2 Elfffi. 
'ITa 
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1) m:tmfiif*1111¥JttMf7 u1il .!=§ffMfl <Ts JAq=i.i:,,ttiwfY!tli¥J:bofiif B~JJniti1ftffJ£~1¥J~~h 

2) :bnfiif*111...tff-ifti:~-at...tffMf7 <Ts H:ttMfl u1il 1¥1 1 3-~µ fir; 
3) ffMfJ uffi !§;fJ~raf~~ m x:k, WmMfl u1il lstlUJf:-Haf~~ m 1¥J~:kmffl:k. 
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1 )ft3 ~±Mf7:!:5J~ttMf7'1fl5Gr' kAjtq:t1¥J:ft:kttMf7 <T3 H:~JtJUT~-~rl(hJ'j!..{a~fF*tlim~~ 

~~ ~1:. ~~1¥11&!@, J1 )'f- 2 ~ Mfl ~ -T kA~ ,itt. 
2)ftmMf7.!:§ffMf7~at1'Fmat.~kA:ft:k1¥JttM~~~Jt~~-~~~*ftWT~~~~~1:.tm 

~.~ttM~~ 83, Etr 
1 

83 = E[u3 -µ<u1 +u2)]. 

ftitirOJm1$at .:ftHLHi~~ u1il, ii)( u3 = - u1il ,u1 = u2 = o .JAW::ff 

(4) 

(5) 

(6) 

<T3 HP~~1:.WT~FR~~l¥JmMf7 '~MfY!tl~at#:tE <T1 ,<Tz at ,:ti:m.=::Jfr0]1¥JM1t9!U;f§x>J$Jt:k, t&W:tE 
$Jt1J\!¥JfkMf7r .~~~1:.ttltJT. 

3) itirOJff~i:IL~51~f9!tlrOJf$5!EJAW-!ifif{ltJT~ .~H: u1 = us ,uz = u3 = o, iiJl::ff 
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ulli - _!_ 
Ut1r µ 

2015 ::If~ 30 ~ 

(7) 

(8) 

EE T µ -!l-MJJ:fr-T 0. 2 fn 0. 5 zJSJ '~it:rt ( 8) PI~' JlfB~tli:EB!iL~~m1.lr5.!itlt IW 2 - 5 fff. :Xt-T:!# 
;z:t*&.1!1'-!l~B.1W~1J\,&~:!#;z:t~:fff£lf:k:l:IW~imt~~OO.JAITif:k:k~~~T:!#1Y!Wm1-ll5.!iUt. 

ii:i:tfrJ)C IW ?t ;fJf PI~ ' :(£tfl!I rPJ -~ {ilj~~~ ~ ' :!# ;z:t IW :!Jo {ilj tfl!I _t IP] at~ JU 1.lllillfJ ~ ffilillfJ IW f'F m. ii 1it 
W:~~:!#;z:t!W~$001PJMJl:i:t~~:!Jo~IW..tr 21'ffi~. ~W1t~$tl!J!tlEJrtJHB !Wf£~1'~00..t!Wffijg 

~$/F-¥Jc. l2SI JJt, * x~~ii:i:tJifB~~$5.!iUiJ!IHe:xt~$Jm~J]f: l2SI *ff ?t;fJT. 
JlfB~~$5!1iJll!~~ii:i:t~U WT!l:k1-lllill5t~:aits$IJ~1'~1t*~U ~:!# ;z:t ~:a Wf~. lli!m mIJ ttf*tfl!I IPJ 

-~ filj~:!Jofilf tfl!l_tlillfJ ~~ IW Jt;fjf~*' !l1llf :!JOfilf f!U~1:Jt !Wfilf ~ IW~ *':!Jo {iljtfl!I _t IW lillfJ-W. !l1IZ~ *· mJ :!Jo 
filf tfl!l_t 1W ff- ,~:1:1J IPJ attfl!I IPJ ~ffi A2 IPJ ~1-\l. 

jt ~ ' ffilillfJ-fljj 
3F a2 a 2 

ulli=-2[ 2+ 2]; 
21l'a (a - z) (a + z) 

1-\llillfJ-fljj 
- _f_~[ a2 a2 ] 

Ut1r - - 2 2 + 2 · 
21l'a /i <a - z) <a+ z) 

~:rt< 9) ftl:r\: < 10) ~ HfB~~$5.!iilt111!~ffl~it, JJ!Uxt lilZB~IW!l:k1-lllilZ~JJ 

3 ~$:?1-{Jf 

(9) 

( 10) 

( 11) 

JJ T *-iV:~ilEfrJXJll!~?t;fJT~i.~ ·*xxt:ltit § ~iY!Wgig~;tt ~m~:!#fn~ mttrB:!#?tJJU*ff 1s glitfl!I 
rPJBfilf~~~[11,12i. 

gig~;tttfl!llPJ,~filf~~~MEH~*JJi!.~ 1,;ltxtlilZ!Wfilf~atfSJltt!~l~L!li!.OO 3. 

-*- 1 ill/ $J;f; .$h ~ ·*-~~ i;!;.$-,fUl#'t.it 

tliW% ¥:.ltfmm j[~/mm 1Jn•l!ltt.UllJ/€1mm *:W7*Jt/m ii:er-:f.lf•/kN 

1 -1 42.95 49.55 42.55 838 -845 10.01 

1 -2 40.32 49.5 39.89 838 -845 10. 91 

1 -3 36.94 49.44 36.69 555 -565 11. 61 

1 -4 40.15 48.04 39.41 596 -600 2.72 

1 -5 22.62 49.10 20.89 521 -525 4.11 

1 -6 16.94 49.06 16.96 848 -858 3.66 

1 -7 35.99 48.86 36.06 473 -479 3.77 

1 -8 27.97 49.21 27.96 473 -479 4.22 

1 -9 27.3 48.82 27.07 473 -479 3.49 

1 -10 29.84 49.37 29.11 493 -499 3.77 

1 -11 49.28 49.44 48.39 838 -845 12.90 

1 -12 51.06 49.45 50.35 838 -845 9.41 

1 -13 30.96 49.41 29.42 492-499 4.22 

1 -14 51.42 49.44 50.78 492-499 5.16 

1 -15 52.46 49.51 52.48 492-499 5.47 
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- 2 B•HBJ Is 

m~~~IPJ£1'iif~it®:~it£!*Jl~ 2 ,Jtxtmz~1'iif~atrBJ aa~ooJloo 4. 

~2 ;!l!I.#JJ/5*1hifiJ.~.~~1~.iJNt.tlHJt.it 

~% *lllmm i[;§lmm 1JO~Xlt.~fEi]j!Vmm *~1*1i'.lm it~filf~kN 

2 -1 51. 39 49.24 50.60 314 -332 1.22 

2-2 42.30 48.90 41. 68 314 -332 1. 01 

2-3 36.56 48.01 36.08 219 -225 0.66 

2-4 41. 82 48.38 40.51 255 -275 1. 88 

2-5 26.24 49.15 25.87 314 -332 1. 71 

2-6 56.75 48. 70 53.75 192 -219 1. 53 

2-7 47.72 49.30 47.51 332 -343 2.82 

2-8 36.07 49.29 35.87 395 -414 2.27 

2-9 47.45 49.05 46.47 395 -414 1. 99 

2-10 47.22 49.07 47.24 395 -414 1. 32 

2-11 44.71 49.15 44.32 383 -395 2.51 

2 -12 42.85 49.24 42.21 383 -395 3. 17 

2-13 44.62 49.2 41. 80 383 -395 3.21 

2 -14 56.13 48.97 55.81 192 -219 0.94 

2 -15 50.40 47.85 49.10 192 -219 0.91 
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B•HBJ Is 
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~3 ,?;') JfUJe.* $h w .~-~-~-~{lk#c3t 
~% *11'.lmm .1[~/mm :1JO~:J!Jt~j'Ei)JiWmm *t?Fl*ll'./m Wltffilj~/kN 

3 -1 31. 01 49.62 31.09 532 -538 5.02 

3 -2 36.97 49.37 36.66 594 -606 8.79 

3 -3 43.3 49.47 42.53 567 -575 9.34 

3 -4 21.47 49.32 21.15 567 -575 5.19 

3 -5 52.23 49.32 49.05 701 -708 8.58 

3 -6 48.57 49.42 44.37 701 -708 9.41 

3 -7 36.96 49.49 35.86 701 -708 4.81 

3 -8 34.67 49.31 34.02 567 -575 7.50 

3 -9 29.65 49.42 29.34 567 -575 9.34 

3 -10 36.06 49.36 34.26 555 -565 8.99 

3 -11 42.01 49.28 41.68 613 -638 9.13 

3 -12 51.22 49.46 50.22 613 -638 7.70 

3 -13 38.84 49.67 37.98 613 -638 7.84 

3 -14 50.88 49.82 50.84 596 -600 4.22 

3 -15 54.34 48.25 53.69 596 -600 4.25 
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ffJ 5 ~$~*4ihwA~-~-~-~M•• 

JiM:?HROO 3 - oo s %9al, it~~=~ffiFH~m~1~1uratraJ1¥J±ft1Jorm±ftk, FitJfift~·l1:~FitJ~~~::fizrm 

Jt~ [OJ.~ fiif~it$atraJ fnit$1'iif~f5J:ff t£*3t::k~#. t£~~it$ m XW.~itW ~~, ~m! -!:31Jn fiif~tu4(fH!kttt, 
f~:ff:tE-1'-1N'i1001¥Jm·11:JR,~iE:!ik*®ttt:!i7t~~it$1¥J1*m!. 

1~1~1Urfiif~l¥Jfl1Jn .~~1*1W~ttM-OJ!~l¥JW:illiJ~Imfl::k, ~ttfil~z[O] l*JW~ m!; ~~~~!JiJJll 

~~¥IJ-JE~ll .xf!1lfm~~yz:~1¥JW:mzJJ, ~~~%~it$. 

4 ~1i-

1 ) it{.tj: pg W*1--£f5J Fit] at ~JU W:J&JJ 13ffl&JJ1¥11'F m 'H 'E ff] 1¥1~{iif5]1il r -!:31Jn fiif~~fM11¥Jitf.tj:* 
Wttt. 

2) itf.ttit$1¥J ±~f51 ~:Jikitf.tt1Jnfiif~_t1¥JW:1&1t~¥1Jit$t,i~Lt WW:1&1tl¥J~1ii.~ 13l&JJ1¥J~1ii.~ 
lB Fit]. 
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