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Abstract

A test frame has been designed and fabricated for use in the physical model simulation
of scaled-down slopes and tunnels in rock mass. To make the simulation realistic, it is designed
such that failure of the rock mass models is induced by true gravitational force. The test frame
performance is demonstrated by simulating stability conditions of rock slopes and tunnels under
static and dynamic loading in two-dimension. The effects of joint spacing and water submergence
can be incorporated. Over 1000 cubical and rectangular blocks of Phu Phan sandstone have been
prepared to form the rock mass models with joint spacing varying from 4, 8 to 12 cm. Results from
various series of model testing indicate that the designed test frame can realistically simulate the
modes of failure for rock slopes and tunnels.

The rock slopes are simulated under a variety of parameters; height of the slope
models is varied from 16 to 90 cm, the slope face ‘angles from 28° to 75° with the static acceleration
ranging from 0.013 g to 0.225 g. The models show modes and stability conditions of plane failure
which are virtually identical to those calculated from finite difference analysis using FLAC code.
The effect of static acceleration is more pronounced for high slopes comprising small joint spacing.
Compared with the test measurements, the deterministic method however over-estimates the factor
of safety for plane failure by as much as 30%, particularly for the low sliding plane angles with
small joint spacing. This holds true for all slope models under both static and dynamic loadings.
The observed toppling failures agree well with those calculated by the deterministic method when
the friction between blocks is considered in the calculation.

The tunnel models are simulated under depths ranging from 16 to 100 cm with the
heights from 4, 8 to 12 cm. The vertical joint spacing is varied from 4, 8 to 12 ¢cm while the
horizontal spacing is maintained constant at 4 cm. The static accelerations range between 0.132 g
and 0.225 g. Results reveal that the maximum span of the tunnels increases with depth and joint
spacing, and tends to remain constant after tunnel depth-to-joint spacing ratio exceeds 30. Beyond
this depth ratio, the ultimate value for the maximum span-to-joint spacing ratio tends to approach
10. The effect of dynamic loading on the stability is more pronounced for shallow tunnels in rock
mass with small joint spacing. The dynamic effect rapidly reduces with depth, particularly for rock

mass with large joint spacing.
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- ﬂ”l‘ﬁ%!,ﬂi"lzﬁl‘?)'ﬂﬁwﬂaﬁ”ﬁﬂ (Limit equilibrium analysis)

- szeUATMUIDUTIF AV (Numerical methods)

- ﬂqyaﬁuﬁau (Block theory)

- ﬁzuui’]ﬂgqmszﬁy@mz33%%&%3%1@, (Artificial intelligence and Expert
system)

a 4 a < . .
- MIARTIEHAULDUIR0UTINIEA TN {(Physical Modeling)

FEmari 1diwinsgiiazesnmuuanuamdesiinoadestugaann s
mﬁmm’ﬂud’mimj (e. g. Endicott et al., 1981; Blackwell, 1986; Hantz, 1986; Mario et al.,
1986; Martin et al., 1986; Tocher and Fishel, 1986; Jermy, 1991; Baliga and Singh, 1992; Lee et
al., 1992; Leventhal et al., 1992; Stewart et al., 1996; Bye and Bell, 2001; Yoon et al., 2002) 1agil
SagUsrasandnitelinuamiBeediados nmgega nezianugauasanuduniigalag
15 aaidy daunnumaBueiifoadosiunumednimnsulusd Idorfe3sTinme s
!,14615&‘1}1451& (e.g. Farquhar, 1980; Wannakao et al., 1985; Siddle and Hutchinson, 1991; Galster,
1992; Rechiski et al., 1992; Al-Homoud et al., 1994; Ulusay and Aksoy, 1994; Carson and Woods,
1995; Jeong gi et al.,, 1996; Kumsar et al., 1998; Zhu and Zhang, 1998; Cai and Ugai, 2002)
yenInGievziimseenuuumsiiuieaSafiosnmyesnnuanBaiioindeens
WinAnlaoady (Safety factor) mmmuua gnindauluninaledifvs (Douglas and
Arthur, 1983) mmummmﬂmmmﬂmummsm%mmamwu‘ﬁﬂumswﬂiammwﬂ@ﬂamﬂ
‘v@wuLmzmawumaimgnmmﬂw"lmaammaﬂmﬁmmmﬁwmmanwuﬂu (e.g. Sperling
and Cooke, 1985; Culshaw and Bell, 1991; Froldi and Sartini, 1991; Ramamurthy et al., 1992;
Brovis and Evans, 1996; Chang et al., 1998; Fujita, 1999)
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Hadonanminnimsziadssnmwaosanuaiaosiaiuuazmsoasndaly
maauunsonagenluronl§iiinis (Hoek and Bray, 1981) inazysznoudie aAnugeves
ANUDIABYI ANUTUYDINIWAIADIS IUIUYEAVBITOBUAN ANUNTNVBITOULAN TZHZHI
¥ ¥
HATANUADITBIWDITOULAN AN INUBIANUAIADYY AN INYDITBIUANTIHUA A1
o 4 { a ~ v I § =) a
Fuaziouluiiuf anudoamuvssinuszningsosuan aNuLIveUlony Jsuuuny
v v
@ o = ' et o o t o
usemhluanuamidos sUTweInNaIABes tazhiminnaRuuuANIARY DAY
3’ @ < o o @ ot o a =3
Wiinezitudimsd g ineldinenswainaislunnuaiadesuaiuuenmile
Qs as dy Y n?, Y w A o 4:1 d‘ t o Y o o =1 1 a
viniladondnidesduiiuddadidfessdun lummsodszadu ld s navualinaaoadosnin
b4 1
YBIANUAABIILIATFUNU 1Y ANHULUAZOATINTHNT DAL I00AR1BVD LD &9
3
@ ot ) 1 ) ) o = R
{2301 HIHNAABDLADITNWFINAFITAATILULYIIVOIUIANYU Fuenkajorn and Kamutchat (2003)
LY v = ~ A = = ) Y Y a @
IRerueiladumuimolsziinadoinmvesnnumadoslunamuu ded s indinos ade
aananlaun dnuazuazanuruuinvesiislnagy useduaziion dseidnswamaislu
oA addq 3 Y & oA @ v kY = = L - ' o
afa 30 Idymanz ihudu Fadioswiadems o Wl Tudndiamaasnozmua nuudud lu
P=3 =3 =y 9)4:1,42)
mImanzUERos AN owIat L IdAY
' =N d a o @ [~ ng ~ Y @ =) =S
M ANTEMFIANAaIINA (Goodman, 1989) 1HuTFWUF U IFAulueRnIUDY
o ] © Y o ] a addy =) @
gy Fungdmsunmsweanarsnuuuriussiuuazuuuglay 358 1atinmsweun lagns
@ o o ] J ' =y Jd
afreaumaniuauuazerfolusunsuasuiumesidunginieldazaindenisinsizv
IADYTMNUDIANNAINBY
529U AU aU%9R 34aY (Finite element analysis) (Crouch and Starfield, 1983;
° 2 VA w
Segerlind, 1984; Pande et al., 1990; Forlati et al., 2001) lagniinniszgna 14 lavimwized9geiy
v
mswanatounuzy Ideveniaiiu viniu IdinsWanndsnmsd sy IniiGondn Discrete
Y ° = 4 Qs 1 a
element analysis ti01 1 14 lumsansznsienaouuDUHLIz N UaZH DU ud e
=S a . 3 A = L4 [ o o
NOuHAUAOU (Goodman and Shi, 1985) 1WUATMIAATIzHuVLInNgad MY
‘ o a & oA A Y o LG a ¢ A 1%
mynanmevoaiy Fuiieauusn linlssgndldlumsimszmatosnmusg Tl

o
@ oA 1 ° o ) o A = 2 ° o @
FHAU ﬂ@lﬂvlgl}ﬁﬂTi‘lﬂuﬁjﬁ&’ﬂﬂ@Glﬂgflﬁi‘ﬂ5Uﬂ31ﬂﬁ1ﬂ£@ﬂ§ﬂ?ﬁﬁu%’lﬂ USASIHUITTINITUNITNN

L]
¥

uusgLazstuLgUANT Y

szum’]ﬂgaunﬂs:ﬁyfuamz‘umﬁﬂwmuj (Smith and Oliphant, 1991; Moula et al.,
1995; Mairaing, 1997; Fuenkajorn and Kamutchat, 2001; Fuenkajorn and Kamutchat, 2003) Aons
thasufinaefrendfismdlunsissfiviados nmmusswnaiu Taomwizediabuile
Defoifinadeiasosmmuoanaiutiulianninasieialdesansudiu niododeans
Uszifiuafosaimvesniafiuediesaasrlaveduifissdoyalueda nseInsuguuaz
ﬁmuzﬁwmﬂﬁs%umq} Fedmw osues, 2546, Mairaing, 1997; Fuenkajorn and Kamutchat,
2001, 2003)
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Hoek and Brown (1980) 118 Hoek et al. (1995) 3 uundnyazvesnny ludimdosnm
o a =Y ] 1Y) 4 ] = 3 r's
Yo9g Iwed lunaniull 4 ila Tasnrdviletvdumginvesanu lufiigdosnmun1ddunum

Tunrsswun laun

1) anyldfiedesniwiifianinauAnlusiaii (Stress-controlled  instability)
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4 a VA s o Y 9/
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2) anuluidesmwiifasinlaseadranessaInerlunraiu (Stucture-

. e @ ] yw o w PR 1Y 4 = o
controlled instability) @nwaziruilinfaiuglusanegszauauluuiaiunlsssunniaysey
A 2 o vy a A a 3 A A @ k7 i 3
@oun e lddeunduinfennsosuaniuasaanismdonaudin lugyesilaves

g lusd



11

1= oo Qy o
3) anwluiliades nmiifine1niuna (Groundwater pressure and flow) glusn
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) anulufiafesnniitinnnn1syns sUYDINIARY (Weathering and erosion)
1A & o =Y A ° Aan e 2’ 9
psnueenlseneuvssiuynriacunsadhilinsomaniifuusseime emauaziit) 18
1 14 v t
5 dedawaldifoiunldsuaniw'hl Tavi Tz i i ianutafaosawasesildnnu
a o Y v T 1 1a . PR '8 {o o
AMUTINAGITAVBITUAIAL AIBE10BU NGUISAY (Clay minerals) T upsAsznouidrdgves
a o a o oo [~ = i dy 4 ¥ o [ Y
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4
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L‘ﬂ‘LAﬁmty Brady and Brown (1985), Hartman (1987) 8% Hoek and Brown (1980) 131
a - ar ] v a 4 3' [ ) [
nmsd1edsnldiusiunsnatelums e i g o AmLaT T e AU s U NSy
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M ANTILHIEDET N INV099 TUIA IULIaTY LaZNITPONIUVILUUMIMEUVDIH
o v A o o 1= =1 P=1 @ - 2
5819 IN9AL 2 uuInevan Ao 1) eidemsiuunulany msfSeuisusunsdfanyay
[ .. 3/ '3 = ¢ & o Y
NENNITHUY Empirical 4ag 2) M3 1FUUUTI009N19A0URUADT F9919 2 uuIneins 1¥ee1e
1 ] 3 971 o = o ] o o =]
unsvate daulvaes 45 msuuaznSsuivunadsenouduld dauuuudeeuFainenweel
9 o ' v A LA 9 ° oy Y v
ms I ududeuiionnginsainanvesnsad muuudiassitios Ysznoududeslgnaunn
¥ @ o =N Jd [} 4 o o Y] PRy
WesufutuuS a0 RN IR D3 819 lsNaunBUSasusImMenndins i KanaIuI0

=] ¥ Y v o i ° Y A Qv 9
mmﬂugﬂﬁﬁﬁmmﬂ%mﬂﬂzm"lﬂLmummw LLﬁZi)g‘ﬂ“l“h’i’J?’I’Jﬂﬁ‘ﬁ3@1Jﬂ’Ji)EJL"UﬂﬁJﬂﬁl1ﬂ‘U@\3ﬂ1§

iasUIYPIIaTUTOUY IR 1@ANI1 (Hoek and Brown, 1980)

2.3 HANTENUVBIHUAN 112

=S o =Y 1 =3 4 1 =N
MIUATIEMEDYs AMNYRINIaT UL UANuaaDeen1e lanauunuau 1M Kramer
. ¥ =Y o A A ¥ &
(1996) 1aU®31 ABINIITUINANITTNUAIUUANWATIVAFN AN S MAATVUINNITTUVD
3
1T A ¥ I~ ~ = w
unuAn 197 HagHANsENDYB T ITABANNUILEE N ANT TUVDIN NUIAU-ANUIAS DAUDITER
YUANUAIADES Siad  (2003) wuI AriladeveuadesnImylanuial ey 11iaen1uy
4 4 1 =y T @
upnavosmdulseansvesnauuauau T luuuany Tasailadsvouadasninasiuia
¥ 1 v ] Vv
Aurzanauilosninnansznuvosnduusuau i luvazinyudoamuusssosuamnuiiu
= 4 = =y 9 Y= . a dgl =
NS ARTIEHLADYTAINFI IATIa519u09 lan 1ae3T Pseudostatic 15 uU 11U 1920
Fanansznuvoaruau Tiuaas lasanusaluuusy way/mse anuseluuuIfg (Kramer,
Sy . .»:'1 o = o ~ =y dd?’ 091'
1996) M31l554nAIT Pscudostatic INONINTUATIEMIADEINIHYDINNUAIABLIRIUAT UL
) Y S L4 R :ll . . o ' °
Tag Terzaghi (1950) 1M UNIT AT 1LYV Y Pseudostatic WU Giani (1992) 85118731 10150

9 Yy .. . . Yt . . s oa :3’ A a Aa
18101933 Limit equilibrium 11821935 Dynamic loading Mifadiu (leenaussinansiiinny
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WIBAUNTINIANY usuRBeIRATINANS AFeadaiion (Pseudostatic accelerations) 111191139
4 .. . -~ 4 q - s = ¢ a
infeY (Driving force) NTY 11AZIZAAUTIATUMUMSIATOUNVOINIINAIADBEI MIUATISHIF
anafion (Pseudostatic) 3% ez audwivauiiianudnluresiienn vielimsdnnseuvos
3 4 1 VoA = ¥ v @
ANV HRINAMTIE B MHUAY T aRY 15% ddosmwaziaasludiuvesiiilatonny
Yaoanuraadainounduin laenssuIunsvosaugandveuwadiha (Limit equilibrium) 113
donnnuis uFsddafisuimnzaudosinsanandindinnus sigagegavesiaiui lua
A
oy

o g Qs [
s uAsEaatenNulasany

_ resistingforce _ clyp + [(W -k, )cosB —F, sin B]tan )
driving force (W =F, )sinp + Fy, cosp

FS 2.1

4§ tow [~ ' 1 a
e c waz ¢ AomAal5v09AULTIVEI Mohr-Coulomb @31 1, ADAINEIIVBITLUIUN
Y ) ' v ¥

Wanate W Aethmiinvesunanlmaniswanatw F, uag F, Aousuiosluiuisiuiaziuing

I@ﬂﬁnﬂiﬂﬁ'lvlg{mﬂﬁijﬂ']i

Fp, = ap W =kpW 2.2)
g
F, = anW =k W 2.3)

] ’ 4
1o a, wag a, AeANs uFsadaonluuuInuuazufsk,  uaz k, Ao mduilszdnivos

=y = A ldg, L) =) U -~ -2
ﬁnmmﬂucluuua'smu,ammmﬂmuﬂuwﬂma g o mmmmmmﬂusam@mmiaﬂ
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wazmanuAudaRan Ity 0.053 kPa duaasluglii 5.1 Taswamsnaaoudeandosiunanis
nATEUYBY INA 1TuNee (2549) 7 diruenatimanuudeluunufervesdietiaiuns
ﬂgﬂgwmﬁﬁm 72374853 MPa unzmidudszAnfanufanguiiat 18.43 + 1.08 GPa

(Kemthong, 2006)
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N [ ] 3
M319N 5.1 WANITNAEED Tilt Test INOMIAYUFSAMIUNUF WVOIH G IDE19HUNT Y HUIAAU

WY
Sample | Width | Length | Area Weight (g) ¢, (degrees)

No. (mm) (mm) (mmz) 1 2 3 avg. 1 2 3 | avg.
1 4335 | 43.50 | 1885.73 | 170.2 | 170.6 | 170.6 | 170.5 | 27 | 30 | 30 | 30
2 40.35 | 42.00 | 1694.70 | 177.1 | 1772 | 1774 | 177.2 | 25 | 27 | 24 | 25
3 41.85 | 41.85 | 1751.42 | 1729 | 1729 | 1723 | 1727 | 29 | 31 { 28 | 29
4 41.80 | 41.85 | 174933 | 167.7 | 1679 | 1683 | 168.0 | 30 | 30 | 29 | 30

-5 41.15 | 41.20 | 169538 | 162 160.8 | 1614 | 1614 | 30 | 27 | 30 | 30
6 41.20 | 82.15 | 3384.58 | 500.6 | 500.7 | 500.6 | S00.6 | 29 | 32 29| 29
7 40.75 | 82.10 | 3345.58 | 497.6 | 497.6 | 4973 | 4975 | 29 | 27 | 29 | 29
8 41.95 | 81.50 | 3418.93 | 496.2 495l8 4959 | 496.0 | 29 | 26 | 26 | 26
9 42,70 | 82.15 | 3507.81 | 5149 | 5155 | 515.1 | 515.2 | 26 | 29 | 26 | 26
10 41.45 | 8275 | 3429.99 | 4899 | 4902 | 490.7 | 4903 | 30 | 29 | 27 | 29
1 40.25 | 81.30 | 327233 | 684.3 | 684.1 | 683.6 | 684.0 | 29 : 29 | 28 | 29
12 40.25 | 79.80 | 3211.95| 656.7 | 657.1 | 657.1 | 657.0 | 27 | 25 {26 | 26
13 38.80 | 80.00 | 3104.00 | 651.5 | 651.6 | 651.7 | 651.6 | 28 | 30 | 29 | 29

' 14 3845 | 7945 | 3054.85 | 662.5 | 662.2 | 662.7 | 6625 | 29 | 27 | 27 | 27
15 38.40 t 80.80 | 3102.72 | 663.6 | 663.4 | 663.6 | 663.5 | 27 |25 |27} 27
16 41.65 | 82.15 | 342155 9993 | 9992 | 9993 | 9993 | 29 | 28 | 29 | 29
17 40.70 | 8230 | 3349.61 | 982.1 | 9822 | 982.3 | 9822 | 26 | 26 | 26 | 26
18 42770 | 8235 | 3516.35| 994.6 | 994.1 | 994.2 | 9943 | 28 | 27 | 26 | 27
19 4230 | 81.25 | 3436.88 | 1007.2 | 1007.2 | 1007.1 | 1007.2 | 27 | 27 { 26 | 27
20 41.15 | 84.85 | 3491.58 | 1035.1 | 1035.2 | 10349 | 1035.1 | 27 | 26 | 25 | 26
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H2(cot\|/ — cot f)z
wag W, =—-7- > ki -t (5.3)
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1.2~ Deterministic Method (Hoek and Bray, 1981)
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Resisting force ¢l + l_(W —F )cos P —F, sin BJtan )
FS = = (5.11)
Driving force (W—F )sinB +F cosf
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3 T [ d' P=3 @ 1 =Y c!' Yo
msan 5.2 ayarilatenldlunsnasouanuaiadsavesdiedeiui ldsunansznuan

aduuruAn I (1J52gndein Richter, 1958 118z Wald et al, 1999)

No.of |Frequency| k, or |Modified Mercalli Y, WV,
Sample H (cm)
Testing (Hz) a(g) Intensity (degrees)| (degrees)

7 0.403 0.013 111 69-83 40-44 15-18

3 0.504 0.017 v 80-82 40-43 15-17

3 0.629 0.027 v 76-78 41-44 14-16

4 0.700 0.033 v 44-53 33-44 12-17
4x4x4 7 0.833 0.046 A% 50-77 31-41 4-15

8 1.000 0.067 A% 46-75 28-38 I-12

4 1.233 0.102 VI 49-54 28-32 3-6

4 1.346 0.119 Vi 46-62 28-32 1-4

1 1.833 0.225 VII 46 46 1

7 0.403 0.013 I 55-58 61-67 16-21

7 0.504 0.017 v 55-56 64-68 18-20

3 0.629 0.027 v 54-56 63-68 18-19

3 0.700 0.033 v 55-57 60-64 15-18
4x4x8 11 0.833 0.046 A% 51-55 57-63 10-16

8 1.000 0.067 A% 48-52 52-59 10-12

6 1.346 0.119 Vi 45-48 48-54 1-5

1 1.700 0.193 Vi 45 51 1

1 1.833 0.225 VI 45 46 1

2 0.403 0.013 IH 58-59 66-67 21-22

4 0.833 0.046 v 55-57 60-63 15-18

2 1.117 0.083 \Y% 52-53 58-59 12-13
4x4x12

2 1.429 0.136 VI 49-50 52-53 6-7

1 1.700 0.193 Vil A5 46 1

1 1.833 0.225 Vi 45 46. 1
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Model D (cm) D/S W (cm) W/S Results

© HIC1 98.7 24.7 4.4 1.1 Stable
H1C2 98.7 24.7 8.4 2.1 Stable
HIC3 98.7 24.7 12.6 3.15 Stable
HICH 98.7 24.7 16.6 4.15 Stable
HICS | 987 24.7 20.4 5.1 Stable

R — —

HIC6 98.7 24.7 245 6.125 Stable
B HI1C7 98.7 24,7 292 73 Failure
Hsc1 167 4.2 44 1.1 Stable
 HsCo 16.7 4.2 ' 8.6 2.2 Stable
H5C3 16.7 4.2 12.7 3.2 Failure

" Hr3C1 53.6 13.4 42 1.1 Stable
Hr3C2 53.6 13.4 8.4 2.1 Stable
H3C3 | 536 13.4 127 | 3.2 Stable
Hr3C4 53.6 13.4 17 4.3 Stable
Hr3C5 Y 13.4 20.8 5.2 Failure
H2C1 78.4 19.6 43 1.1 Stable
mc2 | 784 19.6 8.5 2.1 Stable
H2C3 ] 78.4 19.6 12.5 3.1 Stable
Haca 78.4 19.6 16.6 42 Stable
mcs 78.4 19.6 02 5.1 Stable
 H2C6 78.4 19.6 24.8 6.2 Failure
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D/S = 0.935exp(0.383W /S) (6.2)
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Model D (cm) D/S W (cm) W/S Results
R8V-HIC2 24.7 3.1 8.4 2.1 Stable
%R8V—H1C3 24.7 SR 12.2 3.1 Failure
R8V-H2C4 49.1 6.1 16.5 4.1 Stable
R8V-H2C5 49.1 6.1 20.5 5.1 Failure
R8V-H3C4-a 73.2 9.2 16.4 4.1 Stable
R8V-H3C5-a 73.2 9.2 204 5.1 Failure
R8V-H3C5-b 81.2 10.2 203 5.1 Stable
R8V-H3C6-b 81.2 10.2 243 6.1 Failure
R8V-HAC6-a 89.5 1.2 245 6.1 Stable
R8V-H4C7-a 89.5 11.2 28.4 7.1 Failure
R8V-H4C6-b 97.5 12.2 23 6.1 Stable
R8V-HAC7-b 97.5 12.2 28.2 7.1 Failure
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Maximum Span / Joint Spacing
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Model D (cm) D/S W (cm) W/S Results
RI12V-HIC3 23.80 1.98 12.30 3.08 Stable
RI12V-HI1C4 23.80 1.98 16.10 4.03 Failure
R12V-H2C4 47.60 3.97 16.20 4.05 Stable
R12V-H2C5 47.60 3.97 21.10 5.28 Failure
R12V-H3aC5 72.10 6.01 20.80 5.20 Stable
R12V-H3aC6 72.10 6.01 ‘ 24.40 6.10 Failure
R12V-H3bC5 84.30 7.03 20.90 5.23 Stable
R12V-H3bC6 84.30 7 7.03 ‘ 24.80 6.20 Failure

=< 4
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Moc‘lel D (cm) D/S W (cm) W/S a(g) Results
Hr4Cld 333 8.3 4.1 1.0 0.193 | Stable
Hr4C2d 333 8.3 8.6 2.2 0.193 Failure
Hs2C4d 70.2 17.6 16.4 4.1 0.193 Stable
Hs2CS5d 70.2 17.6 20.7 52 0.193 Failure
Ht3C3d 57.6 14.4 12.3 3.1 0.193 Stable
Ht3C4d 57.6 14.4 16.7 4.2 0.193 Failure
Ht2C4d 78.6 19.7 16.5 4.1 0.193 Stable
Ht2Cs5d 78.6 19.7 20.9 52 0.193 Failure
Ht1C5d 98.7 24.7 20.6 5.2 0.193 Stable
Ht1C6d 98.7 24.7 25.0 6.3 0.193 Failure
HalC4d 82.2 20.6 16.5 4.1 0.225 Stable
HalC5d 82.2 20.6 20.5 5.1 0.225 Failure
HbiC1d 41.2 10.3 4.1 1.0 0.225 Stable
HbiC2d 41.2 10.3 8.4 2.1 0.225‘ Failure
Hb2C2d 57.6 14.4 8.5 2.1 0.225 Stable
Hb2C3d 57.6 14.4 12.5 3.1 0.225 Failure
Hb5C5d 94.3 23.6 20.6 5.2 0.225 Stable
Hb5C6d 94.3 23.6 24.8 6.2 0.225 Failure
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Maximum Span / Joint Spacing
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Maximum Span / Joint Spacing
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Model D (em) D/S W (cm) W/S a(g) Results
R8V-H1C2d 24.8 3.1 8.2 2.1 0.132 Failure
‘«;{_é;/-H1C3d 24.8 3.1 12.3 3.1 0.132 Failure
R8V-H2C3d 41.0 5.1 12.2 3.1 0.132 Failure -
R8V-H2C3d 49.1 6.1 8.3 2.1 0.132 Stable
B R8V-H2C4d 49.1 6.1 12.2 3.1 0.132 Failure
R8V-H3C4d 654 8.2 16.4 4.1 0.132 Stable
R8V-H3C5d 654 8.2 20.4 5.1 0.132 Failure
R8V-H4C6d 97.6 12.2 204 5.1 0.132 Stable
R8V-H4C6d 97.6 12.2 245 6.1 0.132 Failure
R8V-H1C2d 24.5 3.1 8.2 2.1 0.225 Failure
R8V-H2C1d 49.0 6.1 4.1 1.0 0.225 Stable
R8V-H2C2d 49.0 6.1 8.2 2.1 0.225 Failure
R8V-H3C3d 73.5 9.2 12.3 3.1 0.225 Stable
R8V-H3C4d 73.5 9.2 16.3 4.1 0.225 Failure
R8V-H3C4d 88.0 11.0 16.4 4.1 0.225 Stable
R8V-H3C5d 88.0 11.0 20.4 5.1 0.225 Failure
R8V-H4C4d 97.5 12.2 16.4 4.1 0.225 Stable
B R8V-H4C5d 97.5 12.2 204 5.1 0.225 Failure

=K o
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Maximum Span / Joint Spacing
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Maximum span / Joint Spacing
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Maximum Span / Joint Spacing
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13199 6.6 HAMITIRBUADYIN Y9 s InelFdaadnesiuin 4x4x12 isufuas lagl

sEeEHIasEnIseouan luuuIaumnY 12 wudwes meldadu lniaziou

Model D (cm) D/S W (cm) W/S a(g) Results
R12V-HlaC2d 23.60 1.97 8.40 2.10 0.132 Stable
] R12V—HlaC;d— 23.60 1.97 12.10 3.03 0.132 Failure
R12V-HI1bC2d 36.60 3.05 i 8.30 2.08 0.132 Stable
R12V-H1bC3d 36.60 3.05 16.10 4.03 OT32u Failure
R12V-H2aC3d 47.60 397 12.20 3.05 0.132 Stable
R12V-H2aC4d 47.60 3.97 - 16.60 4.15 0.132 Failure
R12V-H2bC3d 60.30 5.03 12.20 3.05 0.132 Stable
R12V-H2bC4d 60.30 5.03 - 20.60 5.15 0.132 Failure
R12V-H3bC5d 84.50 7.04 20.50 5.13 0.132 Stable
R12V-H3bC6d 84.50 7.04 24.70 6.18 0.132 Failure
R12V-H4C5d 95.90 7.99 20.40 5.10 0.132 Stable
R12V-H4C6d 95.90 7.99 24.80 6.20 0.132 Failure
R12V-HIC1d 23.90 1.99 4.0 1.0 0.225 Stable
R12V-HIC2d 23.90 1.99 8.1 2.0 0.225 Failure
R12V-H2C3d 48.00 4.00 12.3 3.1 0.225 Stable
R12V-H2C4d 48.00 4.00 16.2 4.1 0.225 Failure
R12V-H3C4d 71.70 5.98 16.4 4.1 0.225 Stable
R12V-H3C5d 71.70 5.98 21.3 5.3 0.225 Failure
R12V-H4C5d 95.80 7.98 20.9 5.2 0.225 Stable
R12V-H4C6d 95.80 7.98 24.1 6.0 0.225 Failure

£ I'4
D = ANWANYDIY 1UeA
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4
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Maximum Span / Joint Spacing
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Maximum Span / Joint Spacing
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Maximum Span / Joint Spacing
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d‘ o i I Y Qs 13 =Y
MM V-1 wansauaiateaulasassvesnnuaines lnsldfisganuanin 4xaxa

EFUALLAS
Series 0, Yo h a a v, W, H FS
(degrees)(degrees)| (cm) | (cm) Kdegrees){(degrees)/(degrees)| (cm)
C-S1-H1 4.7 46.3 12.1 {1258 74.0 25.0 67.3 16.8 1.1
C-S1-H2 3.0 473 16.3 | 119.0 | 85.0 24.0 69.0 21.7 1.1
C-S1-H3 3.0 30.3 20.2 | 1159 | 73.7 22.7 67.3 26.5 1.2
C-S1-H4 3.0 49.0 28.5 | 12551 68.0 21.0 67.0 36.5 1.3
~ C-81-H5 3.0 48.3 37.0 | 1258 | 785 20.0 65.3 47.3 1.4
C-S1-H6 3.0 48.3 44.5 | 1256 | 653 18.3 63.7 56.0 1.5
C-S1-H7 3.0 48.3 53.0 | 1255 71.3 18.0 63.3 66.6 1.5
C-S2-Hl1 3.0 30.3 12.2 124.‘2 46.0 24.7 52.0 20.9 1.1
C-S2-H2 3.0 29.7 16.3 | 123.1 | 68.3 24.3 51.0 28.2 1.1
C-S2-H3 3.0 30.3 204 | 123.1] 64.0 24.3 51.7 34.9 1.1
C-S2-H4 3.0 29.7 247 | 123.0} 66.3 24.0 50.7 42.6 1.1
C-S2-H5 3.0 29.8 28.3 | 122.6 | 633 22.8 49.5 47.8 1.2
C-S2-H6 3.0 30.0 324 | 1219 | 60.7 22.3 49.3 54.1 1.2
C-S2-H7 3.0 29.3 36.7 | 121.8 | 65.7 21.7 48.0 61.5 1.2
C-S2-H8 3.0 29.7 40.5 1 121.8 | 743 20.7 47.3 66.3 1.3
| C-S3-H1 3.0 21.0 12.0 | 1228} 76.0 23.0 41.0 25.5 1.2
C-S3-H2 3.0 21.3 16.0 | 12431 62.0 24.0 42.3 34.3 1.1
C-S3-H3 3.0 22.0 202 [ 1237 757 233 42.3 41.8 1.2
C-S3-H4 3.0 22.0 244 {1230 717 233 42.3 50.5 1.2
C-S3-HS5 3.0 22.3 283 1 123.1 1 69.0 23.3 42.7 58.0 1.2
C-S3-H6 3.0 22.7 325 | 12721 76.0 24.0 43.7 66.7 1.1




MIN v-2 wansauumilatennuesassuesnnuatn@e 1agl¥@ 1019 UVUIA 4x4x8

UL
Series 0, Yo h a a v, W, H FS
(degrees) (degrees)| (cm) | (cm) Kdegrees)|(degrees)(degrees)| (cm)

R8H-S1-H1-1 3 50 12.2 | 132.0 39 26 73 16.0 1.05
R8H-SI-HI1-2 3 49 12.2 ] 132.0 39 27 73 16.2 1.01
R8H-S1-H1-3 3 51 12.2 | 131.0 39 27 75 15.9 1.00
R8H-S1-H2-1 3 50 20.2 | 132.0 36 26 73 26.4 1.03
R8H-S1-H2-2 3 50 202 {13191 39 25 72 26.3 1.08
R8H-S1-H2-3 3 50 20.2 ] 132.0 37 26 73 26.4 1.03
R8H-S1-H3-1 3 50 284 1 132.01{ 39 24 71 36.7 1.12
R8H-S1-H3-2 3 50 284 | 132.0 38 25 72 36.9 1.07
RBH-S1-H3-3 3 49 284 11320 38 24 70 371 1.12
R8H-S1-H4-1 3 50 36.3 | 1319 37 24 71 46.9 1.11
RBH-S1-H4-2 3 50 363 | 132.0 37 24 7 46.9 1.11
R8H-S1-H4-3 -3 51 36.3 | 132.0 38 24 72 46.5 1.11
R8H-S1-H4-4 3 50 40.7 | 1074 87 25 72 52.9 1.06
R8H-S1-H5-1 3 49 44.7 1 132.0 38 24 76 584 1.11
R8H-S1-HS5-2 3 48 44.7 1 132.0 42 24 69 59.0 1.11
R8H-S1-H5-3 3 50 44.7 | 132.0 42 24 71 57.8 1.11
R8H-S1-H7-1 3 49 48.8 | 107.4 87 25 71 64.1 1.06
R8H-S2-HI1-1 3 30 12.0 | 132.1 87 24 51 20.5 1.15
R8H-S2-H1-2 3 30 12.0 | 124.0 87 24 51 20.5 1.15
R8H-S2-H1-3 3 31 120 | 1153 87 27 55 20.9 1.01
R&H-82-H2-1 3 29 16.1 } 115.2 87 27 53 29.3 1.00
R8H-52-H2-2 3 30 16.1 | 115.0 87 26 53 28.3 1.04
R8H-S2-H2-3 3 30 16.1 | 115.2 87 27 54 28.7 1.00
R8H-S2-H3-1 3 30 204 ] 1152 87 25 52 35.4 1.08




M50 ¥-2 HansAamilassanulasasovosnnumades laol¥deg1eiuving 4x4x8

SHUANAT (A1D)

Series 0, WYy h a o v, W, H FS
(degrees) |(degrees)| (cm) | (cm) Kdegrees)(degrees)(degrees)| (cm)

R8H-52-H3-2 3 30 204 | 1153 87 25 52 354 1.08
R8H-S2-H3-3 3 29 204 | 1153 87 25 51 36.2 1.08
R8H-S2-H4-4 3 30 243 | 115.5 87 24 51 41.6 1.12
R8H-S2-H4-5 3 30 243 11153 87 25 52 42.2 1.07
R8H-S2-H4-6 3 30 243 |1 15.5 87 25 52 42.2 1.07
R&H-S2-H5-1 3 30 28.3 | 115.2 87 24 51 48.4 1.12
R8H-S2-H5-2 3 31 28.3 115.3 87 24 52 47.5 1.12
R8H-82-H5-3 3 30 28.3 | 115.5 87 24 51 48.4 1.12
R&H-S2-H6-1 3 30 36.2 | 1155 87 24 51 62.0 1.12
R8H-S2-H6-2 3 29 362 | 115.2 87 24 50 63.3 1.12
R8H-82-H6-3 3 30 362 | 1153 87 24 51 62.0 1.12
R8H-S2-H7-1 3 29 446 | 1154 87 23 49 76.8 1.17
R8H-S2-H7-2 3 30 45.2 | 1155 87 23 50 76.3 1.17
R8H-S2-H7-3 3 30 44,6 | 1153 87 23 50 75.3 1.17
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Series 0, W h a a v, W, H FS
(degrees)|(degrees)| (cm) | (cm) Kdegrees)(degrees) (degrees)| (cm)
R12H-S1-HI-1 3 49 12.1 | 121.0 23 26 72 16.0 1.05
R12H-S1-H1-2 3 49 12.1 | 120.8 22 26 72 16.0 1.05
R12H-S1-Hi-3 3 49 12.1 | 108.6 23 26 72 16.0 1.05
R12H-S1-H2-1 3 49 16.2 | 121.0 22 26 72 214 1.04
R12H-S1-H2-2 3 49 16.2 | 120.8 22 26 72 214 1.04
R12H-S1-H2-3 3 50 16.2 | 121.0 22 25 72 21.1 1.08
R12H-S1-H3-1 3 49 20.2 | 121.0 22 26 72 26.7 1.03
R12H-S1-H3-2 3 49 20.2 | 108.7 2é 25 71 26.6 1.08
R12H-S1-H3-3 3 49 20.2 | 108.6 23 25 71 26.6 1.08
R12H-S1-H4-1 3 48 24.2 | 108.7 23 25 70 322 1.07
R12H-S1-H4-2 3 49 24.3 | 108.6 23 26 72 321 1.02
R12H-S1-H4-3 3 49 24.2 1 108.6 23 25 71 31.8 1.07
R12H-S1-H5-1 3 48 28.4 | 108.7 23 26 71 38.0 1.02
RI2H-S1-H5-2 3 48 28.5 | 108.6 22 25 70 37.9 1.07
R12H-S1-H5-3 3 48 28.2 | 108.6 22 26 71 37.7 1.02
R12H-S1-H6-1 3 48 70.2 | 1207 87 25 70 93.29 1.05
RI12H-S1-H7-1 3 49 48.6 | 120.7 87 25 71 63.88 1.06
RI2H-S2-H1-1 3 30 12.3 | 108.5 39 26 53 21.6 1.05
RI12H-S2-H1-2 3 30 12.3 | 108.6 40 26 53 21.6 1.05
R12H-S2-H1-3 3 30 12.3 | 108.6 40 26 53 21.6 1.05
R12H-S2-H2-1 3 30 16.2 | 108.6 40 26 53 28.5 1.04
R12H-S2-H2-2 3 30 16.2 | 108.7 40 26 53 28.5 1.04
RI12H-S2-H2-3 3 30 16.2 | 109.0 39 26 53 28.5 1.04
R12H-S2-H3-1 3 30 20.1 | 108.7 40 25 52 34.9 1.08
R12H-S2-H3-2 3 30 20.2 | 1089 40 25 52 351 1.08
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Series 0, Ve h a a v, W, H FS
(degrees) |(degrees)| (cm) | (cm) Kdegrees)(degrees)(degrees)| (cm)

R12H-S2-H3-3 3 30 20.2 | 108.9 40 26 53 35.5 1.03
R12H-S2-H4-1 3 30 242 | 109.2 40 25 52 42.0 1.07
R12H-S2-H4-2 3 30 24.2 | 108.8 40 25 52 42.0 1.07
R12H-S2-H4-3 3 30 24.2 | 108.7 40 25 52 42.0 1.07
R12H-S2-H5-1 3 30 28.1 | 109.2 40 25 52 48.8 1.07
R12H-S2-H5-2 3 30 28.2 | 109.0 40 26 53 49.6 1.02
R12H-S2-H5-3 3 30 28.2 | 108.8 41 25 52 48.9 1.07
R12H-82-H6-1 3 30 40.3 126.7 87 25 52 70.0 1.06
RI12H-S2-H7-1 3 30 48.5 | 120.7 87 25 52 84.2 1.06
R12H-S3-H1-1 3 22 12.2 | 108.5 87 26 45 26.5 1.06
RI2H-S3-H1-2 3 22 122 | 108.4 87 26 45 26.5 1.06
R12H-S3-H1-3 3 22 12.2 | 108.5 87 26 45 26.5 1.06
R12H-S3-H2-1 3 22 16.3 | 108.6 87 26 45 354 1.04
R12H-S3-H2-2 3 22 16.3 | 108.4 87 26 45 354 1.04
R12H-S3-H2-3 3 22 16.3 | 108.7 87 26 45 354 1.04
R'12H-S3—H3-1 3 22 20.1 | 108.6 87 26 45 43.7 1.04
R12H-S3-H3-2 3 22 20.1 | 108.6 87 26 45 43.7 1.04
R12H-S3-H3-3 3 22 20.1 | 108.6 87 26 45 43.7 1.04
R12H-S3-H4-1 3 22 24.3 | 108.5 87 25 44 51.8 1.08
R12H-S3-H4-2 3 22 24.3 | 108.9 87 25 44 51.8 1.08
R12H-S3-H4-3 3 22 243 | 108.8 87 25 44 51.8 1.08
RI12H-S3-H5-1 3 22 28.2 | 108.9 87 25 44 60.2 1.07
R12H-S3-H5-2 3 22 28.2 | 109.1 87 25 44 60.2 1.67
R12H-S3-H5-3 3 22 28.2 | 1089 | 87 25 44 60.2 1.07
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n M, | L |Y, P P, PM, | PAX | P, P Pt |Results

(m) (m) m) | N/m) (N/m) tan(l) (kN/m) | (KkN/m) | (N/m)

Dcirn 0 0.08 | 0.08 0.00 27.27 0.0 0.0 0.32 1.51 -48.87 |- Stable

Niciryy 0 0.16 | 0.16 0.00 56.05 0.0 0.0 1.27 3.03 ~73.86 | Stable

0 crry) 0 0.24 | 0.24 0.00 81.81 0.0 0.0 2.87 4.54 -95.45 | Stable

LR 0 032 | 0.32 0.00 118.16 0.0 0.0 5.09 6.06 |-128.38 | Stable

Dicirs) 0 0.4 0.4 0.00 151.49 0.0 0.0 7.96 7.57 {-157.91 | Stable

Nicire 0 0.48 | 0.48 0.00 186.33 00 | 0.0 11.46 9.09 |-188.95| Stable

Diciry) 0 0.56 | 0.56 0.00 222.68 0.0 0.0 15.60 10.60 |-221.51 | Stable

0corny 0.08 | 0.08 | 0.08 0.32 25.75 0.03 | 0.006 0.32 1.51 -46.75 | Stable

Newy | 016 | 016 | 0.16 | 127 | 53.02 | 020 | 0.025 | 127 | 303 | -69.34 | Stable

o) 024 |1 024 | 0.24 2.87 77.26 0.69 | 0.056 2.87 4.54 -87.90 | Stable

0 conay 032 | 032 ] 032 5.09 112.10 1.63 0.099 509 | 6.06 |[-117.16 | Stable

Doy | 04 | 04 | 04 | 796 | 14391 | 3.8 | 0155 | 7.96 | 7.57 |-142.39| Stable

Dcare 048 | 048 | 048 | 1146 17724 | 550 | 0.224 11.46 9.09 |-168.50 | Stable

n(C2R7) | 0.56 | 0.56 | 0.56 | 15.60 | 212.08 8.74 0.304 15.60 10.60 |-195.48 | Stable

n(C3R1) | 0.08 | 0.08 | 0.08 0.64 24.24 0.05 0.012 0.32 1.51 -44.62 | Stable

n(C3R2) | 0.16 | 0.16 | 0.16 2.55 49.99 0.41 0.050 | .1.27 3.03 -64.82 | Stable

n(C3R3) | 024 | 0.24 | 0.24 5.73 72.72 1.38 | 0.112 2.87 4.54 -80.36 | Stable

n(C3R4) | 032 | 0.32 | 032 | 10.19 | 106.04 | 3.26 | 0.199 5.09 6.06 |-105.95| Stable

n(C3R5) | 04 0.4 0.4 1592 | 13634 | 637 | 0311 7.96 7.57 1-126.87 | Stable

n(C3R6) | 048 | 0.48 | 0.48 | 2293 | 168.15 | 11.01 | 0.447 11.46 9.09 |-148.04 | Stable

n(C3R7) | 056 | 0.56 | 0.56 | 31.21 | 201.48 | 17.48 | 0.609 15.60 10.60 |-169.45| Stable

n(C4R1) | 0.08 | 0.08 | 0.08 0.96 22.72 0.08 | 0.019 0.32 1.51 -42.50 | Stable

n(C4R2) | 0.16 | 0.16 | 0.16 3.82 46.96 0.61 0.075 1.27 3.03 -60.31 | Stable

n(C4R3) | 024 | 0.24 | 0.24 8.60 68.17 2.06 | 0.168 2.87 4.54 -72.81 | Stable

n{C4R4) | 032 | 032 | 032 { 1528 99.98 489 | 0.298 5.09 6.06 -94.74 | Stable

n(C4R5) | 04 0.4 0.4 23.88 | 12876 | 9.55 | 0.466 7.96 7.57 |-111.36 | Stable
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P Pt | Results

n n d r n?

(m) | (m) | (m) | W/m) | (N/m) tan | (kN/m) | (kN/m) | (N/m)

n(C4R6) | 0.48 | 0.48 | 0.48 | 34.39 | 159.06 | 16.51 | 0.671 | 11.46 9.09 |-127.58 | Stable

n(C4R7) | 0.56 | 0.56 | 0.56 | 46.81 | 190.87 | 2621 | 0913 15.60 10.60 |-143.41 | Stable

n(C5R1) | 0.08 | 0.08 | 0.08 1.27 21.21 0.10 | 0.025 0.32 1.51 -40.37 | Stable

n(C5R2) | 0.16 | 0.16 | 0.16 | 5.09 43.93 0.82 | 0.099 1.27 3.03 -55.79 | Stable

n(C5R3) | 024 | 024 | 024 | 11.46 | 63.63 275 0.224 2.87 4.54 -65.26 | Stable

n(C5R4) | 032 | 032 | 032 | 2038 { 9392 | .6.52 | 0.398 5.09 6.06 -83.52 | Stable

n{C5R5) 0.4 0.4 0.4 | 31.84 | 121.19 | 1274 | 0.621 7.96 7.57 -95.84 | Stable

r}(CSRé) 0.48 | 0.48 | 048 | 4585 | 14997 | 22.01 | 0.895 11.46 9.09 |-107.13 | Stable

n(C5R7) | 0.56 | 0.56 | 0.56 | 62.41 | 180.27 | 34.95 | 1.218 15.60 10.60 |-117.38 | Stable

n(C6R1) | 0.08 | 0.08 | 0.08 1.59 19.69 0.13 0.031 032 1.51 -38.25 | Stable

n(C6R2) | 0.16 | 0.16 | 0.16 | 6.37 40.90 1.02 | 0.124 1.27 3.03 -51.27 | Stable

n(C6R3) | 024 | 0.24 | 0.24 | 1433 | 59.08 3.44 0.280 2.87 4.54 -57.72 | Stable

n(C6R4) | 032 | 032 | 0.32 | 2547 | 87.86 8.15 0.497 5.09 6.06 | -72.31 | Stable

n(C6R5) 0.4 04 0.4 | 39.80 | 113.61 | 1592 | 0.777 7.96 7.57 -80.33 | Stable

n(C6R6) | 048 | 0.48 | 0.48 | 5732 | 140.88 | 27.51 | 1.118 11.46 9.09 -86.67 | Stable

n(C6R7) | 0.56 | 0.56 | 0.56 | 78.02 | 169.66 | 43.69 | 1.522 15.60 10.60 | -91.35 | Stable

n(C7R1) | 0.08 | 0.08 | 0.08 1.91 18.18 0.15 | 0.037 0.32 1.51 -36.12 | Stable

n(C7R2) | 0.16 | 0.16 | 0.16 | 7.64 37.87 1.22 | 0.149 1.27 3.03 -46.75 | Stable

n(C7R3) | 024 | 0.24 | 024 | 17.20 | 54.54 413 0.335 2.87 4.54 -50.17 | Stable

n(C7R4) | 032 | 032 | 0.32 | 3057 | 81.80 9.78 | 0.596 5.09 6.06 | -61.10 | Stable

n(C7R5) 0.4 0.4 04 | 47.77 | 106.04 | 19.11 | 0.932 7.96 7.57 -64.81 | Stable

n(C7R6) | 048 | 048 | 0.48 | 68.78 | 131.79 | 33.02 | 1.342 11.46 9.09 -66.22 | Stable

n(C7R7) | 0.56 | 0.56 | 0.56 | 93.62 | 159.06 | 52.43 | 1.826 15.60 10.60 | -65.32 | Stable

n(C8R1) | 008 | 0.08 | 0.08 | 2.23 16.66 0.18 0.043 0.32 1.51 -34.00 | Stable

n(C8R2) | 0.16 | 0.16 | 0.16 | 8.92 34.84 1.43 0.174 1.27 3.03 -42.24 | Stable

n(C8R3) | 024 | 0.24 | 0.24 | 20.06 { 49.99 4.81 0.391 2.87 4.54 | -42.62 | Stable

n(C8R4) | 0.32 | 032 | 032 | 3566 | 7574 11.41 | 0.696 5.09 6.06 -49.88 | Stable
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44X 8 IFUAIANT (D)

n M, | L |Y, P, P, PM | PAX | P, P Pt | Results
(m) (m) (m) | (N'm) | (N/m) tand) (kKN/m) | (KkN/m) | (N/m)

n(C8R5) | 04 | 04 | 04 | 5573 | 9847 | 2229 | 1.087 | 7.96 7.57 | -4929 | Stable
n(C8R6) | 0.48 | 0.48 | 048 | 8025 | 12270 | 38.52 | 1.566 | 1146 | 9.09 | -45.76 | Stable
n(C8R7) | 0.56 | 0.56 | 0.56 | 109.22 | 14846 | 61.17 | 2.131 | 15.60 | 10.60 | -39.28 | Stable
n(C9R1) | 0.08 | 0.08 | 0.08 | 255 | 1515 | 020 | 0.050 | 032 1.51 | -31.87 | Stable
n(C9R2) | 0.16 | 0.16 | 0.16 | 10.19 | 31.81 | 1.63 | 0.199 | 1.27 3.03 | -37.72 | Stable
n(C9R3) | 024 | 024 | 024 | 2293 | 4545 | 550 | 0447 | 2.87 454 | -35.08 | Stable
n(C9R4) | 032 | 032 | 032 | 40.76 | 69.68 | 13.04 | 0.795 | 5.09 6.06 | -38.67 | Stable
n(C9R5) | 04 | 04 | 04 | 63.69 | 90.89 | 2547 | 1242 | 7.96 7.57 | -33.78 | Stable
n(C9R6) | 0.48 | 0.48 | 048 | 91.71 | 113.61 | 44.02 | 1.789 | 1146 | 9.09 | -2530 | Stable
n(C9R7) | 056 | 0.56 | 0.56 | 124.83 | 137.85 | 69.90 | 2.435 | 1560 | 10.60 | -13.25 | Stable
n(CIOR1) | 0.08 | 0.08 | 0.08 | 2.87 | 13.63 | 023 | 0.056 | 0.32 1.51 | -29.75 | Stable
n(C10R2) | 0.16 | 0.16 | 0.16 | 11.46 | 28.78 | 1.83 | 0224 | 127 3.03 | -3320 | Stable
n(CI0R3) | 024 | 024 | 024 | 2579 | 4091 | 6.19 | 0503 | 2.87 4.54 | -27.53 | Stable
n(CI10R4) | 032 | 032 | 032 | 4585 | 63.62 | 14.67 | 0.895 | 5.09 6.06 | -27.46 | Stable
n(CI0RS) | 04 | 04 | 04 | 7165 | 8332 | 28.66 | 1.398 | 7.96 7.57 | -1826 | Stable
n(CIOR6) | 048 | 0.48 | 0.48 | 103.17 | 104.53 | 49.52 | 2.013 | 1146 | 9.09 | -485 | Stable
n(CI0R7) | 0.56 | 0.56 | 0.56 | 140.43 | 127.25 | 78.64 | 2.740 | 1560 | 10.60 | 12.78 | Toppling
n(CI1IR1) | 0.08 | 0.08 | 0.08 | 3.18 | 1212 | 025 | 0.062 | 0.32 1.51 | -27.62 | Stable
n(CHR2) | 0.16 | 0.16 | 0.16 | 1274 | 2575 | 2.04 | 0248 | 127 3.03 | -28.68 | Stable
n(C1I1R3) | 024 | 024 | 0.24 | 28.66 | 3636 | 6.88 | 0559 | 2.87 454 | -19.98 | Stable
n(Ci11R4) | 032 | 032 | 032 | 50.95 | 57.56 | 1630 | 0.994 | 5.09 6.06 | -16.24 | Stable
n(ClIRS) | 04 | 04 | 04 | 79.61 | 7574 | 31.84 | 1.553 | 7.96 757 | -2.74 | Stable
n(C1I1R6) | 0.48 | 048 | 048 | 114.64 | 9544 | 55.03 | 2.236 | 1146 | 9.09 | 15.61 | Toppling
n(C11R7) | 0.56 | 0.56 | 0.56 | 156.03 | 116.64 | 87.38 | 3.044 | 1560 | 10.60 | 38.82 | Toppling
n(C12R1) | 0.08 | 0.08 | 0.08 | 3.50 | 10.60 | 0.28 | 0.068 | 032 1.51 | -25.50 | Stable
n(CI2R2) | 0.16 | 0.16 | 0.16 | 14.01 | 22.72 | 224 | 0273 | 1.27 3.03 | -24.17 | Stable
n(CI2R3) | 024 | 024 | 0.24 | 31.53 | 31.82 | 7.57 | 0615 | 287 454 | -1243 | Stable
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4x4x8 IFUALAT (A1D)

n M, | L | Y, P, P, |PM | PAX P, P, P,t | Results
(m) (m) (m) | (N‘m) | (N/m) tand) (kN/m) | (kN/m) | (N/m)

n(CI2R4) | 032 | 032 | 032 | 56.04 | 51.51 | 17.93] 1.093 | 5.09 6.06 | -5.03 | Stable
n(CI2R5)| 04 | 04 | 04 | 8757 | 6817 | 3503 1.708 | 7.96 7.57 | 12.77 | Toppling
n(C12R6) | 0.48 | 0.48 | 048 | 126.10 | 8635 | 60.53| 2460 | 1146 | 9:09 | 36.07 | Toppling
n(CI2R7) | 0.56 | 0.56 | 0.56 | 171.64 | 106.04 | 96.12| 3.349 | 1560 | 10.60 | 64.85 | Toppling
n(CI3R1) | 0.08 | 0.08 | 0.08 | 3.82 | 9.09 | 031| 0075 | 032 1.51 | -2337 | Stable
n(CI3R2) | 0.16 | 0.16 | 0.16 | 1528 | 19.69 | 245| 0298 | 127 3.03 | -19.65 | Stable
n(CI3R3) | 024 | 024 | 024 | 3439 | 2727 | 825| 0.671 | 287 454 | -489 | Stable
n(CI3R4) | 032 | 032 | 032 | 61.14 | 4545 | 19.56| 1.193 | 5.09 6.06 6.18 | Toppling
n(CI3RS)| 04 | 04 | 04 | 9553 | 6059 | 3821| 1.864 | 7.96 7.57 | 2829 | Toppling
n(CI3R6) | 0.48 | 0.48 | 048 | 137.56 | 7726 | 66.03| 2.684 | 1146 | 9.09 | 5652 | Toppling
n(CI3R7) | 0.56 | 0.56 | 0.56 | 187.24 | 9544 | 104.85] 3.653 | 1560 | 10.60 | 90.88 | Toppling
n(C14R1) | 0.08 | 0.08 | 0.08 | 4.14 | 757 | 033 | 0081 | 032 1.51 | -2125 | Stable
n(CI14R2) | 0.16 | 0.16 | 0.16 | 1656 | 1666 | 2.65| 0323 | 127 3.03 | -15.13 | Stable
n(CI14R3) | 024 | 0.24 | 0.24 | 37.26 | 22.73 | 894 | 0.727 | 2.87 4.54 2.66 | Toppling
n(Cl4R4) | 032 | 032 | 032 | 6623 | 3939 | 2120 1202 | 5.00 6.06 | 17.40 | Toppling
n(CI14R5) | 04 | 04 | 04 | 10349 | 53.02 | 41.40| 2.019 | 7.96 7.57 | 43.80 | Toppling
n(C14R6) | 0.48 | 0.48 | 048 | 149.03 | 68.17 | 71.53| 2907 | 1146 | 9.09 | 7698 | Toppling
n(C14R7) | 0.56 | 0.56 | 0.56 | 202.84 | 84.83 | 113.59 3.957 | 1560 | 10.60 | 116.92 | Toppling
n(CISR1) | 0.08 | 0.08 | 0.08 | 446 | 606 | 036 0.087 | 0.32 1.51 | -19.12 | Stable
n(CI5R2) | 0.16 | 0.16 | 0.16 | 17.83 | 13.63 | 285| 0348 | 127 3.03 | -10.61 | Stable
n(CI5R3) | 024 | 024 | 0.24 | 40.12 | 18.18 | 9.63| 0.783 | 2.87 454 | 1021 | Toppling
n(CI5R4) | 032 | 032 | 032 | 71.33 | 33.33 | 22.83| 1392 | 5.09 6.06 | 28.61 | Toppling
n(CI15R5) | 04 | 04 | 04 | 11145 4545 | 4458| 2.174 | 7.96 7.57 | 59.32 | Toppling
n(CI5R6) | 0.48 | 0.48 | 0.48 | 160.49 | 59.08 | 77.04| 3.131 | 1146 | 9.09 | 97.43 | Toppling
n(CI5R7) | 0.56 | 0.56 | 0.56 | 218.45 | 74.23 | 122.33] 4262 | 15.60 | 10.60 | 14295 | Toppling
n(C16R1) | 0.08 | 0.08 | 0.08 | 478 | 454 | 038 0093 | 032 1.51 | -17.00 | Stable
n(CI6R2) | 0.16 | 0.16 | 0.16 | 19.11 | 10.60 | 3.06| 0373 | 127 3.03 | -6.10 | Stable
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AXAX 8 IFUANNT (71D)

n M, | L | Y, P, P, |[PM | PAX| P, P P.t | Results
(m) | (m) | (m) | (N/m) | (N/m) tand | (kN/m) | (kN/m) | (N/m)

n(C16R3) | 024 | 024 | 0.24 | 4299 | 13.64 | 10.32] 0.839 | 287 4.54 | 17.75 | Toppling
n(CI6R4) | 032 | 032 | 032 | 7642 | 2727 | 24.46| 1.491 | 5.09 6.06 | 39.82 | Toppling
n(C16R5) | 04 | 04 | 04 | 11941 | 37.87 | 47.77| 2330 | 7.96 7.57 | 74.84 | Toppling
n(CI6R6) | 048 | 0.48 | 0.48 | 171.96 | 49.99 | 82.54| 3.355 | 1146 | 9.09 | 117.89 | Toppling
n(C16R7) | 0.56 | 0.56 | 0.56 | 234.05 | 63.62 | 131.07) 4.566 | 15.60 | 10.60 | 168.98 | Toppling
n(C17R1) | 0.08 | 0.08 | 0.08 | 5.09 3.03 041 0099 | 032 1.51 | -14.87 | Stable
n(C17R2) | 0.16 | 0.16 | 0.16 | 2038 | 7.57 326 | 0398 | 1.27 3.03 | -1.58 Stable
n(C17R3) | 024 | 0.24 | 0.24 | 4585 | 9.09 | 11.01| 0.895 | 2.87 4.54 | 2530 | Toppling
n(C17R4) | 032 | 032 | 0.32 | 81.52 | 21.21 | 26.09| 1.590 | 5.09 6.06 | 51.03 | Toppling
n(CI7R5) | 0.4 | 04 | 04 | 12737 | 3030 | 50.95 2485 | 796 7.57 | 90.35 | Toppling
n(C17R6) | 0.48 | 048 | 048 | 183.42 | 40.90 | 88.04| 3.578 | 1146 | 9.09 | 138.35 | Toppling
n(C17R7) | 0.56 | 0.56 | 0.56 | 249.65 | 53.02 | 139.81} 4.871 | 1560 | 10.60 | 195.02 | Toppling
n(C18R1) | 0.08 | 0.08 | 0.08 | 5.41 1.51 043 | 0.106 | 0.32 1.51 | -12.75 | Stable
n(CI8R2) | 0.16 | 0.16 | 0.16 | 21.65 | 4.54 346 | 0422 | 127 3.03 2.94 | Toppling
n(C18R3) | 024 | 0.24 | 024 | 4872 | 9.09 | 11.69| 0951 | 2.87 454 | 2794 | Toppling
n(C18R4) | 032 | 032 | 032 | 86.61 | 1515 | 27.72| 1.690 | 5.09 6.06 | 6225 | Toppling
n(C18R5) | 04 | 04 | 04 | 13534 | 2272 | 54.13| 2.640 | 7.96 7.57 | 105.87 | Toppling
n(C18R6) | 0.48 | 048 | 048 | 194.88 | 31.81 | 93.54| 3.802 | 1146 | 9.09 | 158.80 | Toppling
n(C18R7) | 0.56 | 0.56 | 0.56 | 265.26 | 42.42 | 14854 5175 | 15.60 | 10.60 | 221.05 | Toppling
n(CI9R1) | 0.08 | O | 0.08 | 573 0.00 046 | 0.112 | 032 1.51 - Toppling
n(CI19R2) | 0.16 | 0.08 | 0.16 | 22,93 | 1.5] 3.67 1 0447 | 127 3.03 | 16.43 | Toppling
n(CI19R3) | 024 | 0.16 | 024 | 51.59 | 4.54 | 12.38| 1.006 | 2.87 454 | 5550 | Toppling
n(C19R4) | 032 | 024 | 032 | 91.71 | 9.09 | 29.35| 1.789 | 5.09 6.06 | 100.98 | Toppling
n(CI9R5) | 04 | 032 | 04 | 14330 | 1515 | 57.32| 2.796 | 7.96 7.57 | 15552 | Toppling
n(CI9R6) | 0.48 | 04 | 048 | 20635 | 22.72 | 99.05| 4.026 | 1146 | 9.09 | 219.66 | Toppling
n(CI9R7) | 0.56 | 0.48 | 0.56 | 280.86 | 31.81 | 157.28| 5.479 | 15.60 | 10.60 | 293.57 | Toppling
n(C20R2) | 0.08 | O | 0.08 | 2420 | 0.00 1.94 | 0472 | 032 1.51 - Toppling
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n M | L | Y, P P, |PM | PAX | P, P P,t | Results
m) | m) | (m) | (Nm) | (N/m) tand | (kN/m) | (KN/m) | (N/m)
n(C20R3) | 0.16 | 0.08 | 0.16 | 5445 | 1.51 8.71 | 1L.062 | 127 3.03 | 71.79 | Toppling
n(C20R4) | 024 | 0.16 | 024 | 96.80 | 4.54 | 23.23| 1.889 | 2.87 454 | 117.81 | Toppling
n(C20R5) | 0.32 | 024 | 032 | 15126 | 9.09 | 48.40| 2.951 | 5.09 6.06 | 175.53 | Toppling
n(C20R6) | 0.4 | 032 | 04 | 21781 | 1515 | 87.12| 4.249 | 7.96 7.57 | 244.12 | Toppling
n(C20R7) | 0.48 | 0.4 | 0.48 | 29646 | 22.72 | 14230/ 5784 | 1146 | 9.09 | 323.40 | Toppling
n(C21R3) | 0.08 | 0 | 0.08 | 5445 | 000 | 436] 1.062 | 032 1.51 - Toppling
R(C21R4) | 0.16 | 0.08 | 0.16 | 96.81 | 1.51 15491 1.889 | 1.27 3.03 | 146.17 | Toppling
n(C21RS) | 024 | 0.16 | 0.24 | 15126 | 4.54 | 3630] 2.951 | 2.87 454 | 192.86 | Toppling
n(C2IR6) | 032 | 024 | 032 | 217.82 | 9.09 | 69.70| 4249 | 5.09 6.06 | 258.87 | Toppling
n(C2IR7) | 04 | 032 | 04 | 29647 | 1515 | 11859 5784 | 7.96 7.57 | 337.65 | Toppling
n(C22R4) | 008 | 0 | 0.08 | 96.81 | 0.00 774 | 1.889 | 0.32 1.51 - Toppling
n(C22RS) | 0.16 | 0.08 | 0.16 | 15126 | 1.51 | 24.20] 2951 | 127 3.03 | 241.81 | Toppling
n(C22R6) | 0.24 | 0.16 | 024 | 217.82 | 4.54 | 5228| 4250 | 2.87 454 | 284.58 | Toppling
n(C22R7) | 032 | 0.24 | 032 | 296.48 | 9.09 | 94.87| 5784 | 5.09 6.06 | 357.36 | Toppling
n(C23R5) | 0.08 | 0 | 008 | 15127 | 0.00 | 12.10] 2951 | 032 1.51 - Toppling
n(C23R6) | 0.16 | 0.08 | 0.16 | 217.83 | 1.51 | 34.85| 4250 | 127 3.03 | 358.70 | Toppling
n(C23R7) | 024 | 0.16 | 0.24 | 296.49 | 454 | 71.16| 5.784 | 2.87 4.54 | 392,99 | Toppling
6(C24R6) | 0.08 | O | 0.08 | 217.83 | 000 | 17.43| 4250 | 032 1.51 - Toppling
n(C24R7) | 0.16 | 0.08 | 0.16 | 29649 | 151 | 47.44| 5784 | 127 3.03 | 496.84 | Toppling
n(C25R7) | 0.08 | 0 | 0.08 | 29649 | 0.00 | 23.72| 5784 | 032 1.51 - Toppling
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4x4X 12 IFURNATTR 72 IHURNAT W, = 63° AX = 4 (FUANAT o =5° B = 63° UaY

yIAX =2
n M, L, Y, P, P, PM | PAX| P, P, Pt | Results
(m) | (m) | (m) [(N/m)| (N/m) tan ¢ |(KN/m) |(kN/m)| (N/m)

Deciryy 0 0.12 0.12 0.00 18.97 0.0 0.0 0.72 227 -35.02 Stable
D) 0 | 024 | 024 | 0.00 | 4400 | 00 | 00 | 287 | 454 | -5458 | Stable
Decips) 0 0.36 0.36 0.00 75.11 0.0 0.0 6.45 6.82 -80.21 Stable
. 0 0.48 0.48 0.00 112.29 0.0 0.0 11.46 9.09 |[-111.90 Stable
Newsy | O | 06 | 06 | 000 | 15553 | 0.0 | 00 | 1791 | 1136 |-149.67| Stable
Ncire) 0 0.72 0.72 0.00 191.19 0.0 0.0 25.79 13.63 | -179.49 | Stable
Mgy | 012 | 012 | 012 | 072 | 1669 | 009 | 0014 | 072 | 227 | -3177 | Stable
Dicara) 0.24 0.24 0.24 2.87 39.45 0.69 O.Q56 2.87 4.54 -47.02 Stable
Ncors) 0.36 0.36 0.36 6.45 68.28 2.32 0.126 6.45 6.82 -66.91 Stable
Nicora) 0.48 0.48 0.48 11.46 103.18 5.50 0.224 11.46 9.09 -91.43 Stable
N ors) 0.6 0.6 0.6 17.91 144.15 10.75 | 0.349 17.91 11.36 | -120.59 | Stable
Newg | 072 | 072 | 072 | 2579 | 17754 | 1857 | 0.503 | 25.79 | 13.63 |-140.36 | Stable
Doy | 012 | 002 | 012 | 143 | 1442 | 017 | 0028 | 072 | 227 | -2852 | Stable
Ny 0.24 0.24 0.24 5.73 34.90 1.38 0.112 2.87 4.54 -39.47 Stable
Dcaps) 0.36 0.36 0.36 12.90 61.45 4.64 0.252 6.45 6.82 -53.61 Stable
Dicarg) 0.48 0.48 0.48 22.93 94.08 11.01 0.447 11.46 9.09 -70.96 Stable
Dcars) 0.6 0.6 0.6 35.82 132.77 21.49 | 0.699 17.91 11.36 | -91.51 Stable
Dicape) 0.72 0.72 0.72 | 51.59 163.88 37:.14 1.006 | 25.79 13.63 |-101.24 | Stable
Dcury) 0.12 0.12 0.12 2.15 12.14 0.26 0.042 0.72 2.27 -25.28 Stable
Dy 0.24 0.24 0.24 8.60 30.35 2.06 0.168 2.87 4.54 -31.91 Stable
Dicgpy 0.36 0.36 0.36 19.34 54.63 6.96 0.377 6.45 6.82 -40.31 Stable
Dcima 0.48 0.48 0.48 34.39 84.97 16.51 0.671 11.46 9.09 -50.49 Stable
D curs) 0.6 0.6 0.6 53.74 121.39 32.24 1.048 17.91 11.36 | -62.43 Stable
Dcre) 0.72 0.72 0.72 77.38 150.22 55.71 1.510 | 25.79 13.63 | -62.12 Stable
1 T 0.12 0.12 0.12 2.87 9.86 0.34 0.056 0.72 2.27 -22.03 Stable
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4%4x12 IFUAIATES 72 IYUAINAT W, = 63° AX = 4 IFUANAT o = 5° B = 63° Ly

y/AX =2 (51®)
n M, L, Y, P, P, PM | PAX | P, P, Pt | Results
m) | (m) | (m) |(N/'m) | (N/m) tan ¢ |(kN/m) | (KN/m)| (N/m)
Nesy | 024 | 024 | 024 | 1146 | 2580 | 275 | 0224 | 287 | 454 | -2436 | Stable
Ny | 036 | 036 | 036 | 2579 | 47.80 | 9.29 | 0.503 | 645 | 6.82 | -27.02 | Stable
Desny | 048 | 048 | 048 | 45385 7587 | 2201 | 0895 | 1146 | 9.09 | -3002 | Stable
Deswy | 06 | 06 | 06 | 71.65 | 11001 | 42.99 | 1398 | 17.91 | 1136 | -3335 | Stable
Dese | 072 | 072 | 072 10317 | 13657 | 74.28 | 2.013 | 2579 | 13.63 | -23.00 | Stable
Deeny | 012 | 012 1 012 | 358 —h7f59a‘ 043 | 0070 | 072 | 227 | -1879 | Stable
L
Degn | 024 | 024 | 024 | 1433 | 2124 | 344 | 0280 | 2.87 | 454 | -16.80 | Stable
Deey | 036 | 036 | 036 | 3224 | 4097 | 1161 | 0.629 | 645 | 682 | -13.72 | Stable
Deae | 048 | 048 | 048 | 5732 | 66.77 2751 | 1118 | 1146 | 909 | 954 | Stable
Deasy | 06 | 06 | 06 | 8956 | 98.63 | 53.74 | 1.747 | 17.91 | 1136 | -4.27 Stable |
Degg | 072 | 072 | 072 | 12897 | 12291 | 92.86 | 2516 | 2579 | 13.63 | 16.12 | Toppling
Demy | 012 | 012 | 012 | 430 | 531 | 052 | 0084 | 072 | 227 | -1554 | Stable
Demy | 024 | 024 | 024 1720 | 1669 | 413 | 0335 | 287 | 454 | 924 | Stable
Nemy | 036 | 036 | 036 | 3869 | 34.14 1393 | 0755 | 645 | 682 | -042 | Stable
Deme | 048 | 048 | 048 | 68.78 | s766 | 33.02 | 1342 | 1146 | 909 | 1093 Toppling
Demy | 06 | 06 | 06 |10747 | 8725 | 64.48 2007 | 1791 | 1136 24;1: Toppling
Neme | 072 | 072 | 072 | 15476 | 109.25 | 111.43 | 3.019 | 2579 | 13.63 | 5524 | Toppling
Negey | 012 | 012 | 012 | 502 | 303 | 060 | 0.098 | 072 | 227 |-1229 | Stable
Degn | 024 | 024 | 024 | 2006 1214 | 481 | 0391 | 287 | 454 | 169 | Stable
Degsy | 036 | 036 | 036 | 4514 | 2731 | 1625 | 0881 | 645 | 6.82 | 12.87 | Stable
Negrg | 048 | 048 | 048 | 8025 | 48.56 | 3852 | 1566 | 1146 | 9.09 | 31.40 ?oppling
News | 06 | 06 | 06 |12538| 7587 | 7523 | 2446 1791 | 1136 | 53.89 Toppling
T(Cm 072 | 0.72 | 072 |180.55| 9560 | 130.00 | 3.522 | 2579 | 13.63 | 9436 | Toppling
eomy | 012 | 012 | 008 | 573 152 1 069 | 0112 | 032 | 151 | -6.93 | Stable
Ny | 024 | 024 | 016 | 2293 | 910 | 550 | 0447 | 127 | 3.03 | 390 |Toppling
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4x4x12 IYURNATYL 72 IBURALAT Y, = 63° AX =4 I¥URAIAT o= 5° B = 63° Loy

y/AX =2 (919)
n M, L, Y, P P, PM, | PAX| P, P P ,t | Results
m) | (m) | (m) | (N/m)| (N/'m) tan ¢ |(kN/m) |(kKN/m)| (N/m)

Mgy | 036 | 036 | 024 | 5159 | 2276 | 1857 | 1.006 | 2.87 | 454 | 20.13 | Toppling
cona) 0.48 0.48 0.32 91.71 42.49 44.02 1.789 5.09 6.06 41.76 | Toppling
Mgy | 06 | 06 | 04 |14330| 6828 | 8598 | 279 | 796 | 7.57 | 68.78 | Toppling
N(core) 0.72 0.72 0.48 | 20635 86.49 148.57 + 4.026 11.46 9.09 115.22 | Toppling
newny | 012 | 0 | 008 | 645 | 000 | 077 | 0126 | 032 | 151 | - | Toppling]
| J. 0.24 0.12 0.16 25.79 6.07 6.19 0.503 1.27 3.03 25.70 Topplg
Doy | 036 | 024 | 024 | 58.03 | 1821 | 2089 | 1132 | 287 | 454 | 5565 | Toppling
Demy | 048 | 036 | 032 110317 | 3642 | 4952 | 2013 | 509 | 606 | 90.90 |Toppling
Doy | 06 | 048 | 04 (16121 6070 | 9672 | 3145 | 796 | 757 | 132.60 | Toppling
Doy | 072 | 0.6 | 048 23214 | 7739 | 16714 | 4529 | 1146 | 9.09 | 195.07 | Toppling
Moy | 012 | 012 | 0.16 | 2866 | 3.03 | 344 | 0559 | 127 | 303 | 584 | Toppling
ey | 024 | 024 | 024 | 6448 | 1366 | 1548 | 1.258 | 287 | 4.54 | 37.48 | Toppling
Beme | 036 | 036 | 032 | 11464 | 3035 | 4127 | 2236 | 509 | 606 | 73.75 | Toppling
Dcimrs) 0.48 0.48 0.4 179.12 53.11 85.98 3.495 7.96 7.57 117.38 | Toppling
Dt ire) 0.6 0.6 0.48 |257.93 68.28 154.76 | 5.032 11.46 9.09 183.00 | Toppling
Neiora 0.12 0 0.16 31.53 0.00 3.78 0.615 1.27 3.03 - Toppling
Dciory) 0.24 0.12 0.24 70.93 9.10 17.02 1.384 2.87 4.54 105.76 | Toppling
N pora 0.36 0.24 032 |126.10 2428 4540 | 2.460 5.09 6.06 148.63 | Toppling
Dc1ors) 0.48 0.36 0.4 197.03 45.52 94.58 | 3.844 7.96 7.57 | 205.12 | Toppling
N ore) 0.6 0.48 0.48 | 283.73 59.18 170.24 | 5.535 11.46 9.09 | 286.49 | Toppling
Diciary) 0.12 0.12 0.24 77.38 4.55 9.29 1.510 2.87 4.54 45.52 | Toppling
0ci3ra) 0.24 0.24 0.32 | 137.56 18.21 33.02 | 2.684 5.09 6.06 102.67 | Toppling
Nc aps) 0.36 0.36 0.4 21494 37.94 77.38 4.193 7.96 7.57 164.38 | Toppling
Dcy3p6) 0.48 0.48 0.48 | 309.52 50.07 148.57 | 6.039 11.46 9.09 1 249.78 | Toppling
e apy) 0.12 0 0.24 83.83 0.00 10.06 1.635 2.87 4.54 - Toppling
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4x4x12 IFURNAT T 72 IVUALAT , = 63° AX = 4 IFUAINAT 0= 5° B = 63° LAy

y/IAX =2 (919)
n M, L, Y, P, P, PM | PAX | P, P P,t | Results
(m) | (m) | m) |(Nm)| (N/'m) tan ¢ |(KN/m)|(kN/m)| (N/m)

N ¢ apa) 0.24 0.12 0.32 | 149.03 12.14 35.77 2.907 5.09 6.06 251.68 Toppling
Doy | 036 | 024 | 04 |232.86| 3035 | 83.83 | 4543 | 796 | 7.57 |299.15 | Toppling
N 4re) 0.48 0.36 0.48 33531 40.97 160.95 | 6.542 11.46 9.09 | 39232 | Toppling
i e 15ra) 0.12 0.12 0.32 | 16049 6.07 19.26 | 3.131 5.09 6.06 119.31 | Toppling
Dicysps) 0.24 0.24 04 250.77 2276 | 60.18 | 4.892 77.96 7.57 | 207.38 | Toppling
D isre) 0.36 0.36 0.48 | 361.11 31.87 130.00 | 7.045 11.46 9.09 | 314.54 | Toppling
N ci6ra) 0.12 0 0.32 [ 171.96 0.00 20.63 3.355 5.09 6.06 - Toppling
My | 024 | 012 | 04 |26868 | 1517 | 6448 | 5242 | 796 | 7.57 | 47926 | Toppling
Do | 036 | 024 | 048 |386.90 | 2276 | 139.28 | 7.548 | 11.46 | 9.09 |534.18 | Toppling
hermg | 012 | 012 | 04 |28659| 759 | 3439 | 5591 | 7.96 | 7.57 | 23440 | Toppling
e 1re) 0.24 0.24 0.48 |412.69 13.66 99.05 8.051 11.46 9.09 | 374.27 | Toppling
Newes | 012 | O | 04 [30450 | 000 | 3654 | 5941 | 796 | 757 | - | Toppling
0 c15r6) 0.24 0.12 0.48 | 43849 4.55 105.24 | 8.555 11.46 9.09 | 820.18 | Toppling
Bepmg | 012 | 002 | 012 |46428 | 228 | 5571 | 9.058 | 072 | 227 |373.19 | Toppling
D o0me) 0.12 0 0.12 | 490.07 0.00 58.81 L 9.561 0.72 227 - Toppling




QU QU

sz InnIon

o ) g a 4 o Qs Ao [
FTONFETANTIVNITY AT, NRUNW ﬁ\l@\ﬂl%i LﬂﬂLﬁ’EJ’J‘LW] 16 NUEIEU 2500 NIINIA
& a . ~ 19 o
NIUNNWUNIUANT %Uﬂ']ﬁﬂﬂ‘kﬂ‘l_lﬁiuuﬁﬁlﬂﬂﬁﬂﬂ University of Arizona Wﬂﬁ%&"ﬂﬁﬁﬁ'ﬁg@&ﬂiﬂ?
a . . . B 0o
919173%7 Geological Engineering 1udl a.¢. 1988 tiazd 59 Post-doctoral Fellows 1143} a1.71. 1990
H . @ o [ a o . .
1 University of Arizona flagtulidmniadlulsesiunssumsussn Rock Engineering
. o = o o ] 4 o Vel =y = =
International Yszmaanigeainsn uasdrssdumisonsdlszirognarunisuna Iulaosso
0w A a o o a = o a = o
TIUNIBIININTTUMITAT MWT?W&JW@UK%ﬂIHIﬁHQiMﬁ JINIAUATINVTUN ﬁmm%mw
o o = ) a o Y o
WKﬁB‘ﬂN%?Uﬂ'ﬁﬁ”lﬁﬁiﬂl@ﬁﬂuiuk%ﬁﬂﬁ‘i’mﬁ@@ flTiEl’f)ﬂLL‘iJ‘ULLﬁ$ﬂ73’)&ﬂ§1$‘ﬁIﬂﬂi%ﬂ@%‘W’Jmﬂi
v o Aw o @ 9 Ao d Y ' 3 o A
\lﬂmﬁlfl’nﬂﬁ’mﬂ!ﬂu‘ﬂ’lﬁuWIﬂﬁﬁﬂTﬁ‘Vlfﬂki"t)iﬂl,m’liﬂﬂﬂ’ﬂ 10 Tmemwﬂuﬁm;&;mmmuaz
A ma 4 a J 2/’ = [
‘]J’i%mﬁlhlﬂ ﬁﬁ\‘]ﬂWﬂJ‘WUWHT%’WﬂNWﬂﬂ’N 50 UNANU NIITAIT UAGETT TWWNUTTUIR Uag
a g T o . .
‘IJWﬂ’JWilﬂW‘J‘iJi%“IﬁJuWu”I%M Lﬂuéummsw “Sealing of Boreholes and Underground Excavations
co. Aq Y 1 o as as a 3 3 v A R =
in Rock” ﬂi‘ﬁ@giuﬁﬁﬁﬂmTJ‘VIEﬂﬁchluﬁ'ﬁ'ii@!iﬁ‘fﬂ ﬂﬁQﬁlWLL‘Huﬁ&ﬂu‘ﬂﬂiﬂ‘kﬂﬂﬁ?%?ﬂﬁﬂl@ﬂ
4 [ A e o o '
mﬂﬂssgmmmzwmamwﬂu‘]Jﬁzmﬂﬁmgmmm Hazunua 1y U.S. Nuclear Regulatory
Commission, U.S. Department of Energy, Dow Chemical Co., Southwest Research Institute,
@ A 1
UNOCAL, Phelp Dodge Co. Ulag Amoco Oil Co.  1Hu3rInsNU5AYIVOS UNISEARCH
o a o o3 @
PNAINTalNMINds iWuamznssuns lumsiadendaiaus Insan1sves U.S. National
Science Foundation 161¢ Idaho State Board of Education uamﬁuﬂm:ﬂﬁsumﬂumiﬁ’mﬁaﬂ
. o o W a 4 @ . .
UNANUMIIPINTVOITTUANUN Chapman & Hall 1uﬂﬁ&’mﬁ@ﬁﬂf}‘ﬂ iag Elsevier Sciences

. . 4 14
Publishing Co. Tulszmeiusesiaua



