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A g4 AHgde Ad HYPde XFg Aug AQ Hds %zﬂz‘sM HEAT
o AR a7 HEgd § B digA, 50 mm FAZ LFuE FEL
BAES e Ad HdH AYES ddoz AZEoh Fig 232 4Fvg FEL
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Z 110 mm, Zo] 150 mme A AW AFES WHOFE AZFEL, 10 mm F7Y
oladz 9dS AFso], Fig. 24904 RoE AHIEL WS

AYEA AUE 2282 Agdtel Ad Aeld AL AT AR

=

2
o
z
N

k0

L

o
N
A}

% 2 oy

&

%k\ 5 ‘
: S

A
R R T ‘7;»' w'«:m
Fig. 2.3 A view of surface roughness of aluminum Fig. 2.4 A view of mold frame for natural jointed
replica of natural joint. replica.

A deld BAE AEE FTF E7E NPE ST AF7) 16~182 H, AA7] §8~10
‘M, A7 6~82 L'E Vet zEln AJAEY W9 ukdiA, Ad Hed
HEAZ ARE N-AAY-Z7 £33 3893 £d FA49 oz mUEAY. dE
ol AH7) 16~18011, 7] 3 L 15 kg/em’, F FA BAHE 2 kg/em/mmE
S+ THE, °NJ-H-1.5-2'2 A8 & 99 3s}gich

Al AE 9 NI AEE AR dd AF olde HEY AANE FHsA SH
AR 71718 AMed gRtEE AFAdA A 2 AR wiyE&F oA (2002)°
g dsol HFR 3 Y AAT] FH7E ol &3tk AT Al 9 NI A8 AAY
ZR2AL 7t2 1 mm, AZ 1 mmZ §¥E, AE AZ 5 mmE A A A2 sto]
AgxE Y & 100 mm, Z°] 140 mmZ A}

oo AF7) ZFE gee|E F, o] dFel AMEE A Hyd 71%7191 B it

Z,, 2999 37 AZA i, Z&d< 449 p, BYd u
(Belem et al., 2000). 1213, AJ A|2%} NJ A 89 Hlﬂ A4S e deld 37
A&7 1, & ol &3t AFY F3E T A FFE AFdE ey 2ok
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Table 2.1 Summary of roughness parameter about artificial saw-tooth joint sample.

Sample number Z, Lpve D R,
Al-0 0.0396 1.1426 1.000241 1.003695
Al-5 0.1194 6.4779 1.000586 1.015516
AJ-10 0.1895 9.9309 1.001820 1.039185
AJ-125 0.2232 12.3093 1.001985 1.051105
AJ-15 0.2647 14.4829 1.002691 1.072423
AJ-175 0.3153 16.6679 1.005088 1.101715
AJ-225 0.4037 21.5497 1.007381 1.166115
Al -30 0.5674 29.1401 1.009989 1.327031
NJ-H 0.3194 13.8969 1.010615 1.187143
NJ-M 0.2590 10.0032 1.007791 1.152468
NJ-L 0.2548 9.4137 1.006812 1.141555

22 4 A
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2 Aa Agol Jhed AR Ad A7 E oLt AT AFIY FL FHE
NGz A AE7E Aojste AFEH, 282 Y BE A, AF FFH7], AD HE]
o8 FEE F Ut
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Fig. 2.5 Schematic diagram of electric signal flow of the new direct shear machine.

- 105 -



2.2.1 Y ML NEHI| 24H

A A7) BAY ASE © T2 F99 FAL Fig 2691 AN Ak A A%
£ #3845 Aodd AeE Aoz PRI AARYG. £3F Ao ARE: Aot
ARG 3F Aot Asstn, 1 B A2 SJHA £ 2] sFsait

(1) Normal load actuator

(2) Normal load servo valve

(3) Normal stiff plate

(4) Normal stiff rod

(5) Guide rod of normal linear motion
(6) Normal load cell

(7) Shear stiff plate

(8) Shear stiff rod

(9) Shear load actuator

(10) Shear load servo valve

(11) Reaction plate for shear foad
(12) Roller bearing

(13) Shear load cell

(14) Upper shear box fixing clamp
(15) Spherical seat

(16) Upper and lower shear box

(17) Linear motion bearing
i | (18) External shear LVDT

Fig. 2.6 Schematic diagram of the new direct shear machine.
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A NS A% Fig 289 (WA ANE 2 Zol, 4o AR 28 AwHY 5o
Meh g Ewe] HYAow WHRDE Thed 4oz WAL AN

4, =b(a-9) (23)
q7)A, 4E A9 AFM NE FEHEF, g Al Zo], b= A9 ZL Jertt
ol AZe] Zolgt @& oyt L B4 AFLrh dolmz 43 Agg

By AlRY FAeele EF oldF BHdox 7]'78‘5}93\5}. Etd Al il Fig. 2.89
B)AM BAxlE R Zo], Ao HAd ¥ 5 oA A8 HEHAL oY A
o] &3F$ith (Hencher et al., 1989).

5bv4a -5
— =  _2absin™ 2
a

A, =rmab—- (2.4)

A71M, A& Q9 AWML AR FEEH, ot B 229 WA, b B BE
WX 2 ehdd
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1§ : b
I I
| i
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(A) Rectangular (B) Ellipse

Fig. 2.8 Schematic diagram of surface contact area change.
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U4 F3A 2L 02,05, 1.0 MPa/mme] A7}A 2R 07 AFL s, 2T 971X BA
A9 9% 3 B 273 39 FH AG AEE SR E o] A7 EE AES
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Z49 volEl9 A5 A4S AT A Fepv|EE g3 2ol FYE A A WA
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oA Ak WY 3 mm o]t HP ol T}tﬂs}t ARo g2 Hrtago. 7 HA
A A £Y (the second peak shear stress, sz = A $8o] 7MY A4 FRAE AFe=
Astgony, A8 B2t (linear dilation angle, d,)& F2 ¥ 9 30~80% BN Vel
A7 71&712 A8ttt
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Fig. 3.3  Scatter plot of AJ-sample under CNS condition.

Table 3.1 A result of the first peak shear stress about AJ-sample according to the linear regression.
Initial normal stress Slope Intercept Standard deviation | Correlation
(MPa) (MPa/°) (MPa) (MPa) coefficient
0.15 0.009 0.08 0.081 0.6257
0.35 0.013 0.20 0.086 0.7202
1.00 0.055 0.34 0.217 0.8843

Table 3.2 A result of the second peak shear stress about AJ-sample according to the linear regression.

Constant normal stiffness Slope Intercept Standard deviation | Correlation
(MPa/mm) (MPa/°) (MPa) (MPa) coefficient

0.2 0.048 0.29 0.272 0.8027

0.5 0.104 0.07 0.305 0.9303

1.0 0.238 -0.42 0.736 0.8559
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Table 3.3 A result of peak normal stress about AJ-sample according to the linear regression.

Constant normal stiffness Slope Intercept Standard deviation | Correlation
(MPa/mm) (MPa/°) (MPa) (MPa) coefficient

0.2 0.071 0.65 0.369 0.7036

0.5 0.178 0.45 0.531 0.8634

1.0 0.290 0.19 0.614 0.8953

Table 3.4 A result of dilation angle about AJ-sample according to the linear regression.

Constant normal stiffness Slope Intercept Standard deviation | Correlation
(MPa/mm) () (°) coefficient

0.2 0.869 3.00 1.890 0.9594

0.5 0.831 1.57 1.656 0.9656

1.0 0.749 1.37 1.632 0.9593
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ol Aoz Y & + Yot
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Fig. 3.6 Scatter plot of NJ-sample under CNS condition.

Table 3.5 A result of the first peak shear stress about NJ-sample according to the linear regression.

Initial normal stress Slope Intercept Standard deviation | Correlation
(MPa) (MPa/ °) (MPa) (MPa) coefficient

0.15 0.022 0.24 0.128 0.3449

0.35 0.048 0.27 0.026 0.9763

1.00 0.080 0.37 0.164 0.7375
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Table 3.6 A result of the second peak shear stress about NJ-sample according to the linear regression.

Constant normal stiffness Slope Intercept Standard deviation | Correlation
(MPa/mm) (MPa/°) (Mpa) (MPa) coefficient

0.2 0.087 -0.38 0.043 0.9799

0.5 0.153 -0.50 0.283 0.7704

1.0 0.211 -0.86 0.312 0.8196

Table 3.7 A result of peak normal stress about NJ-sample according to the linear regression.

Constant normal stiffness Slope Intercept Standard deviation | Correlation
(MPa/mm) (MPa/ °) (MPa) (MPa) coefficient

0.2 0.069 -0.01 0.083 0.8975

0.5 0.190 -0.59 0.180 0.9240

1.0 0.252 -0.81 0.137 0.9705

Table 3.8 A result of dilation angle about NJ-sample according to the linear regression.

Constant normal stiffness ' Slope Intercept Standard deviation ‘ Correlation
{(MPa/mm) (°) (°) coefficient

0.2 1.357 0.61 1.457 0.9169

0.5 1.681 -6.25 1.119 0.9613

1.0 0.852 0.94 0.961 0.9094
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