Solt testing In slate

A cautionary note: The following results relate to the bond between varieties of bolts in a single block of good quality slate. Selecting a good
quality piece of rock appropriate to bolt can be very difficult, particularly given that the rock has been quarried. There is also anecdotal evidence of
slate cracking due to the placement of a bolt (after all this is how guarrymen would have split the rockl)

Continuation of the testing first done with a Hydraclaw test rig on a series of bolts in February 2012, Most of the bolts were placed on the 1% of
Feb 2012 in a large sound looking block of slate at lake level adit within Cwmorthin Mine/Quarry, some additional bolt were placed following the

first round of tests, and 2 more on the day of the second test.

Follow up testing on the 23° of June with the BCAs testing rig, which is capable of exceeding the 20kN (20kN was the maximum range of the
Hydraclaw rig). Also the BCA rigs feet are further apart providing a better chance to test the rock within the bolts ‘cone” as well as the bolt/rock

bond. The second round of tests pulled all bolts to destruction.

Test to 20N, February 2012

Test to destruction, June 2013

ol Bolt Type Bolt description e
Number P P Placed | Observations Observations beyond ‘
ot BN N Observations
: 12mm hole driled to 70mm, Some deformation at 10kN. . ‘ o
pe?' 1 Omm CQMHOX cleaned by air purnp and stiff brush. No visible Cauge slipping (suspect Test inttiated quicKly (didnt get a chance to see muchl)
1 with Spit Maxima Resin ampule inserted and cracked | 1/2/12 ;hagga’ deformation of the anchor) at although resin faled at 32kN. Top section of rock
: with the bolt. Bolit twisted over 10 - - 11-12KN. Taken to 20KN. Bolt cracked.
M10 ampu‘e resin times to mix resin and left to set. visioly deformed (egg shaped)
: 12mm hole driled to 7Omm, ‘ ‘ .
Pet;l 10mm CQMmox cleared by & pump and st brush. Resin failed at 30.5KN. Hanger deforming at 18kN
2 with Spit Maxima Resin ampule inserted and cracked 1/2/12 | As previous bolt As previous bolt (although significantly deformed from previous test).
| with the bott. Bolt twisted over 10 Dropped from 10-2kN as bolt pulled from the rock.
M10 ampu‘e resin times to mix resin and left to set. P ;
12mm hole driled over 70mm Hanger deformed at 23kN and
' 10le ca Ove ) . e
Petzl 12mm GOUJOW cleaned with pump and stiff brush, Plate lited pk\atea ﬁ?%ﬁ;&he‘;ha ' OFKN ot Plate lifting around 3-4kN, 12kN+ hanger starts to
3 (expansion) bolt with Bolt hammered into place and 17212 | slighty fom the wafag; e éﬁ%‘;gf deform and continues to deform until hanger snapped
tightened as much as possible with rock at 5-6kN. . o . - t 33 4kN
Couer (steel) hanger . removing the testing rig the at so.
& short spanner hanger was loose on the bolt
: 12mm hole driled over 70mm, . . ‘ ‘
Petzl 12mm Gouion | ceired witn pump and stiff brush. ‘ Plate lifting from 3kN again, cracking noises at 11kN
. . } , As per previous . ' :
4 (expansion) bolt with Bolt hammered into place and 1/2/12 bot As per previous balt and hanger starts to deform. Hanger continues to
Couer (steg!) hanger tightened ;Zﬁﬁffﬁi} Esfgwb\e with deform snapping at 37, TkN
Spit Rock Screws 8mm hole driled and cleaned with i Plate lited at 9k, cracking ‘ ‘
5 % A5mm M10 pump. Coeur hanger placed on bolt | 1/2/12 Ngw;‘m‘gbf noises around 12-13kN, head Falled on previous test
and bolt screwed into place ) -

of bolt snapped off at 17kN
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SD\T Rock Screws S o drlied and ceansa wih As per previous As per previous bolt with the
0 pump. Coeur hanger placed on bolt 1/2/12 S per previous S POr Provious Dot v . Falled on previous test
C ot head sne at 18
145mm M1 O and bolt screwed into place oot oot head snapping at 18KkN
Plate lifted at 9k, held at 20kN
Screwfix M10 Fisher 10mm Qo\e driled amdkc\eamed \?t‘h . ‘ with Ume v\si(k)\e rcmmge‘ Cé‘m j Bolt looked bent from previous test, started to move
pump. Sleeve anchor hammered in Py 0 visible removing rig the hanger rattlec ‘ ‘
/ FSA 8‘66\/6 AﬁChOf and bolt tightened, with Coeur Ve change loose on the thread, hanger almost &s SQOH as & load placed on ft. Boit continued to
70mm hanger plate fitted, with a spanner was dificutt to remove and the | 0end and falled (head of the bolt sheered off) at 13.5kN
thread visibly bent
Screwfix M10 Fisher 10mm D(‘\e driled amdkc\ear*ed Vf‘h N ‘ Again bolt looked bent at the start of the test (from
). Sleeve anchor hammered in , S per previous ) ; ;
8 FSA Sleave Anchor pugj& kiﬂt@t\ight:r\wg( y \V‘WH gf;i( n 1/2/12 Lﬁ? ou As per previous boft previous testing). Started to bend at TkN, bolt head
70mm hanger plate fited, with a spanner sheered off at 11.2kN
Hanger loose on bolt (suspect the hole was not deep
‘ ‘ 3mm F iled 4 P enough when initially placed). Hanger soon lited and
MU‘U MOWH 100mm X 8mm hole driled and pumped i Al - )
9 8 « clean. Bolt screwed into place with a | 1/2/12 N%\i‘m‘; © JU‘Tf)“ﬁ;]@r”\%T}Lirﬁ%ﬁzﬁr started to deform around 14kN. Head of the screw
MM TOCK SCIews Couer hanger fixed sheered off at 25kN folowing sever deformation of the
hanger.
8mm nole driled and pumped Hanger started to bend at 3kN, and continued to
Multi Monti 100mm x| e B(;t\suewgd o pace e , As per previous | Hanger lited as it was loose, no deform throughout test. Some cracking noises from
10 Couer hanger fxed. LUnabe o ez boit other obvious deformation 13kN and load ior to the bolt sheering below th
8mm rock screws screw the bolt in completely, thread - o R 8KIN'and loader prior to the bolt sheering below the
snagged on something polt head at 24 9kN
Difficult to get to 6kN as the
Plate visbly plate kept bending. Hanger New hangers placed for this test, using a ring hanger
8mrm Spit with e e deformed as j ?eﬁ‘edff SEN‘ “id‘oa”‘?’t rather than a plate. Hangers started to deform at 2kN
ed with mechanical dril and , sformed, and continued to ‘ ‘
11 - e e e 1/2/12 | soonasaload | CToNo OGN and continued throughout the test. Bott started 1o lift at
aluminium hamger inished by hand was placed on 11TKN where the imit of the ‘ ‘
vae PGS Y testing rigs rance was reached. 1 OKN ROCK fa”ed at 1 AKN-1 6KN with a Chuﬂk or FOCK
the hanger 91 < . :
R Hanger visibly loose once load Iitting with the bolt
released.
Farly deformation as per ‘ ‘ ‘ ‘
8mm Spit with e oer brevioe | PTEVious bolt however managed Again a ring hanger used instead of the plate. Ring
12 uminium h Hend drlled 1/2/12 N Lﬁf‘m o take the bolt to 20KN. stated to distort at 2-3kN and continued to distort
auminium nanger Hanger visidly ‘OOS? once load throughout test until the ring snapped at 20.5kN
removec
16&2 E(ﬁ';jT‘t?{frﬁifEir\ﬁijnﬁm i Thread visibly bent at 7kN and ‘Bog \ooﬁ%edﬂom prevwcéug tgst Belt a\mo;t‘ strait avgay&s
S el e e e ’ ifing at 1T0kN., Taken to 2 uled, continued to distort noticeal round 7kN.,
] 8 B & Q ] 6mm M1 O Couer hanged fitted harmmered into 1/2/12 bolt proud of the ‘frtw‘rmg rj;l;rgTrjk‘oq(ﬁj?;: Oéor%éi@d ?g bersde aﬂ?j DL?HOOL ot f(?o%@ ] Oi’i OHJO\/@red
the hole. Nut tightened with a rock at 6kN ST e 7 : g
spanner 0056 around 12-14kN as it lifted out,
16mm hole ;W‘t?ka”dr C‘gﬂ‘fdg“‘m Loose bolt head from start. Bolt flexed and belt almost
ump and stiff brush. Boft w , ‘ \ ‘ ‘ ‘
14 B & Q 16mm M10 puTp Ane o b o 1/2/12 | As previous bolt As previous bott strait away. Started to lift from the rock at 14kN. Lifted

Couer hanged fitted hammered into
> hole. Nut tightened with a

from 16-23KN with the nut sheering off at 23kN
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Spanner

Mult Montl 1T00mm x

15
10mm
16 Multi Monti 100mim x
10mm Not placed
Multi Monti 100mim x
W omm
Multi Monti 100mim x
18
omm
Petzl 10mm Colinox eente deforat B i e e
. ‘ ‘ Jaces i ihe side of the bioe Y oticeable deformation aroun with the resin
19 &\/g[g SD\J[ M‘axwma Places in the side of the block 1/2/12 As previous bolt bond faling at 20N
ampule resin
Plate started to lift amost strait away (O.6kN) but
CRO1 A hele Arled o 190 o significantly from 5kN to 7kN. Dropped at 8. TkN to
) 10mm hole driled to 120mm. Hole
(used Raumer Hang Fix pumped clean. Bott hammered in 4/3/13 Not ested 7.9kN suggesting slippage, then at 9kN noticeably
hole M1TOXL and nut tightened as much as - . puling out maintaining a load of around 8kN as it pulled
15) possibie with & short spanner out, dropping as low as 3.5kN and up to 8.5kN as it
pulled, out
‘ 10mm hole drilled to 120mm. Hole Plate hanger bending and liting from SKN. Bolt lifting
CRO 2 Raumer Haﬂg Fix bed. Bolt hammered inand nut | /15 S from 7kN Clearing pulling out at 9kN, Hovered around
MTOX fightened as much as possidle with - o 9-13KkN as the balt puled out. Top of the bolt clearly
& short spanner bent as the bolt puled out.
Plate hanger Iifting from 3kN with the bolt pulling out
‘ 10mm hole driled to 120mm. Hole from 4kN. Hovered around 5-7kN as the bolt pulled
CRO 3 RaumMe g g;[] g %r?&m Bi‘r:‘ﬂ‘(wj e 23/6/13 Not tested out. As about half the bolt is out it seemed to grab
a short spanner something holding, with the head of the hanger
snapping off at 10kN (leverage?)
‘ 12mm hole driled over 70mm, Plate lifting and distorting from 7kN, with the bolt pullin
et 1 me GOUJQH cleaned with pump and siff brush. out (@tht%/) from aroum? 11N, clearly lifting from ?AN\?
20 (expansion) bolt with Bolt hammered into na 23/6/13 Not tested : C ‘

Couer (steel) hanger

tightened as much ssible with
a short spanner

Rock cracks and falls at 19kN-20.5KkN, large "plate” of
rock lifted with the balt.
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Dbservations of bolt testing in slate, updated June 2013
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