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Abstract

The depth and character of the overlying earth deposit contribute to fault rupture
path. For cohesive soil, for instance, clay, tension cracks on the ground happen during
faulting, limiting the propagation of fracture in soil mass. The cracks propagate
downwards while the fracture induced by initial displacement of faulting propagates
upwards. The connection of cracks and fracture will form a plane that is related to tri-
shear zone.

With application of distinct element method the mechanism of fault propagation in
soil mass and the development of ground deformation zone can be observed directly in
numerical analysis of faulting. The information of force and deformation in the
numerical model are also easier to be obtained than centrifuge modeling. Therefore, we
take the results of centrifuge modeling as the field outcrop then modify the micro-
parameter of numerical analysis to make sure both of them have the same attitude.

A series of centrifuge tests and numerical modeling are conducted at this study
with maximum acceleration conditions of 80g (equals to 16m thick of overburden soil)
and dip angle of 60° on normal faulting. The model is with total overburden soil thick,
H, 0.2m, vertical displacement of moving wall, AH. At the beginning, hanging wall and
the left-boundary wall moves along the plane of fault. When AH/H equals to 25%, both
of the walls stop moving.

This study proved that the numerical analysis can be applied on simulation of
centrifugal modeling and overburden soil deformation by normal faulting.

Keyword: normal fault, fault scarp, ground deformation zone, distinct element

method, tension crack
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A wdoLpw o HETk BA R 80k -

d§ L rETR L B A BEE(FIHeE 0 2000) 0 H ARG 03 PR Flpt 4R
* s g TR 4 2 4 & 4 17 (Probability Fault Displacement Hazard Analysis >
PFDHA) > #-7 22 FIF M P I LA F R ETG o T Y R HEEL FAF o 2t 3
EHEAERG R RZEEHZ ML S 4 (2004)2 PFDHA = 2 8 i {7 L yrér
A SEETFSEFEERQAERI LT R A TR 0 T s 7 A 50
EPNEAZAR T 2002 ¥TR B E 0 B2 95 0323 068m- k95 218

m(a % 2-1) -
2-3
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N
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164

B 2-4 Logreih = 52 (SCR-2)4at R & 137m 2 156.3m &k A & HiAL 2

% 2-1 12 PFDHA & Az A% 8 5 & 45 2. %78 =4 £ (4.5 % ~ 4% » 2004)

&K ] s (% T 0 2014)

= ik
AZ AX S I BRI
fhadly S APE
x/L=0.05 x/L=0.25 x/L=0.5
50 & p EAZARES K
0.04 m 0.06m 0.07m 0.92m
% 5%z =4
50 & p EAZARES X
0.32m 0.5m 0.68 m 2.18m
% 2%2 4 B
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2.2 P RF®

221 19 #-3%

Lee % 4 22004 & &7 19 % #4133 5% > 5 BEH L8k % F ¢
RUTEAN R 2 R FRHEDER SR LR TR AT Y R
FAEA s B2 BAR(ECE 4 BHER)E H 2 U > IFE AU 2P
2% -

¥ 2 2 (2006)0 & SR F) facdsk i 17 19 HEAIRRAR o & 222 7 MNA e A
2 EF R EA R R BERZ DR % o R AREEMEEGOR) 1Y
2R urk A B0 R)E B R AL ARM@OCM)SPEIRT o € bt Bk d R v Tk

(antithetic fault) » 22 # © E% % F o

% o % A (2007 5 2013) % MUF § % 4 (2007)41 % &) fi3ksk 1 f2 L gk 4 £
# K (growth strata)2_ it M % o 7 56;3;—%-‘3:&7%:@]:\ NF TR R - kT
T o R o AR ET R PRNE - TR RATTE AT

BE A LR ST AER B R BB E - 5 BT g R

\mﬁ-

7%
REATTEOT R e PFE PRI ERIRZTFIFETI R LT

I
C
\
%
—
et
—4—
I.
3
|-

E

LA MRS B2 L 44040 A

|
&
-
E-D
e
i
hics
-
s
&
=
4

S SEAE- =N IR SRR B L
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% 227 FiE 2 ¥R R (35 2 > 2006)

IR Rk o i
51k R T4 60°> + KA L A 5 20em
¥ 2% 4R PE430°0 + KA/ L A 5 20em
%3 4K 5 £60°> 1 KA A& 5 30cm

4 i 17 & 60°

-

T RF2 A S 40cm

222 B PECARRR

LAt A RSRNBELAEY 451K ek - UN 2 e R
THREE AN NBERES E ROREY - BAMPELZES w2 AP 1)
VAR £ IV RIINERAY AR ZRES X4 FLTERYR
A o R R Y ETR A idl Y o fj’*» B 1A g Y et
drfe BF R RAET 2R

H2? L FR2E7HRE BB ORECBH HFRE L HEHREA 170
WHRF) A EFEF OB E B g = o d p A JSFT26-81T 2 385% = i &

B HE 4§28 = F L 16.27(kN/MP) > B 328 = F 5 13.52(KN/m3) » w484 1%
ZAR¥R AR D PR AR i E e R & 23 L RRA A AR
B 25 5 R R E A T AR o

5% 7 $(2013)r4 19~ 409 ~ 80g 2. & # F TR B &7 = LW pe & ¥k 2 33
oo UK 2 (2013)i8 (TAR S B P BTR 2 A B RSk 0 £ 0 EipSRAcd 24 A&
BBAEE A RRAEZ T R E 4 H2 3o ¥R (40gNtest32-C ~ 50gNtest36-C -
80gNtest37-C ~ 80gNtest38-C ~ 80Ntest44-C-H) » ¥ 7 - erjdk} 3 Kk #)fa
(BOgNtest59-S/C) o & st (2014)F R B 97 f838 (7 3 K 4 3E 2 I ¥7 K B o

+ = % (70gNtest80-C5S5-H ~ 70gNtest81-C3S7-H ~ 70gNtest82-C5S5) » 42 2-5 o
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MUS E SR etz 3R 4R F %% ElNaggar etal.(2007) » w4 iR £ 8 1 4 f

:.‘\

L

(LW 2-6) A RS @ RPFER kA RS - A 141 £ 4 5 faH

w

Bl g Q) E A5 A0 % 34% + B K S H £ U e
£ o ElNaggar etal.(2007)i& {7 4+ 1 4k 3 20 A A 44 Sdic > 4o i 2-30 @R A

A EF EBHIL Y AR RAEL Py SR 0 BART B TR

&

PR R R A (e B ) EAIRRERE LHLER T bk R
dRERT MR naEd o B LA MRS KF(LE 2-8 1 W 2-10) -

M4 2 (2013) 1 4p Fe B £ 4 3-(800)T 0 B R 709 B g/c=40 %iriERg 2 2B
E A A RKT 4 R N5 46kPa; A 7§ g/c=34 %R 0 A2 KT 4 R A
A9 % 112kPa- Bl 2-7 5P X Pl €4 S AR FAZ €4 52
o dW27TF AAEKT A GRER K FRA D H A 7@ £ (0/c=34 %)
M iR B A 0 4o 80gNtest44-C-H 2 80gRtestd6-C-H » H 7 k3 4 55 5 5 P
BR300 £(0/c=40 %) % %] c £ 4 B RHEH A LT R P
Koo g R AT R R R 2 MR Sl e 5 ) A
hed L HPE S AR Z R AR AERRL A 2 EB AP 1 RIFRHA
ERETY ot 0

(SEE SV RILIEIRY SUER L F X SR UL TR S ik s IF ES

Ao B & 12::}7‘? C BB R R KR A Sl o e
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(£)F 9 o e e & &
-
=

10 1 0.1 0.01
#4¢ D (mm)

Bl 2-5N0.306 7 # 7 F) iz A  Bl(f & & > 2013)

;é/::r. #h i.

P

B 2-6 3o {8385 % BHE A 14k (X & 5 2013)



Undrained shear strength (kPa)

0O 5 10 15 20 25 30 35 ilO 45 50 55 60 65
T 1 T T T T 1T

10

12

Depth (cm)

14
16
18

20  —A— 40gNtest32
—@— 50gNtest36
2t —@— 80gNtest37
—— 80gRtest38

24

Bl 2744 A0 3 ¥ 0 2 ok F 4 5 B 2R R 2 B % (N4OgNtest32-C ~

50gNtest36-C ~ 80gNtest37 ~ 80gRtest38)(F# % & » 2013)

2-10



2012/6/8
LERTIRE TGl
50 mm

60 1

40 ¢

Bl 2-8 7 P arc i BT BR R E YR 4 & 5 25%PF 2 B3] m o

(@)1g 5 (b)40g ; (c)80g (3& 7 # » 2013)
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Bl 297 34 5% B SALS EM D U7k 24 d 5 250%0pF 2 B3 o (M E

£ » 2013)

© GV

B 2-10 7 | 2 B & %7K 456 F 53T 46 5 25%pF 2 B3 e o
(a)70gNtest80-C/S » sy = 100kPa ; (b)70gNtest82-C/S - s, = 50kPa ;
(c)70gNtest81-C/S » s, = 100kPa(3& e » 2014) ; (d)80gNtest59-S/C » sy =

100KPa(f & % » 2013)
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2 23Rmp) L 2 AL (kT 4 0 2013 ~ m £ > 2013)

F) FEFF)
e E G 2.65
T 353 75 Dso(mm) 0.193
3 Pk Dio(mm) 0.147

4 Bk o (Dr=40%/70%) 35941°
B X FC% R pdmax(g/cm?®) 1.66
B 2% B pamin(g/cm?) 1.38

- AW SP

# 2-4 A 1 3k3 A AF 2R (El Naggar % ¢ > 2007)

E I R R R

v g Gs 2.73
RER 50
BMRE 39.5
fihE 105
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3 2-5 MUE R (T2 A ST BTA B I0E) fa iR sk (R X £ 5 2013)

B2z ER

R g g #& HE2ZRIER  3RE 2 s
CEERY
40gNtest32-C 40 Zk2 0.2m Zk2 8m 37kPa
50gNtest36-C 50 Z2 0.2m Zk2 10m 38kPa
80gNtest37-C 80 k2 /0.2m ZE3 16m 46kPa
80Ntest44-C-H 80 b2 /0.2m ZE3 16m 116kPa

80gNtest59-S/C 80 #) 0.1m/ZE2 0.1m &) 8m/ZE2 8m 107kPa

F 26 3 Feihil 72 gL $B T BTR 3 IR iR 5 (3R e > 2014)

B2z ER

(Ral= )
70gNtest80-
70 #; 0.1m/&L2 0.lm  # Tm/AE2 Tm 95kPa
C5S5-H
70gNtest81- #5 0.06m/ #y 4.2m/
70 99kPa
C3S7-H Z£4 0.14m ZE4 9.8m
70gNtest82-

70 7y 0.1m/AL2 0.lm  ®) Tm/3k2 7m 62kPa
C5S5
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223 4 EekB%

4 T B 4 (2007 5 2013) 91 % 75 48 sk () 2-11) 45 i i kR 0 3k - kR 1 1A
Lt 4 K B K (growth strata)2 AL G o F % F) L ARG FEE) 0 Hi e

9% F R FP®E B EAewmA g G 40 & 140 BLEZ B 0 F393 &pe o d A A
PR @It E Gk 2650 B E = L 157 kN/m3 - £4]H 4
HHES55% L 5068 mah R 1K > k5024 %k xR
Figaw & o e+ @R L 05 o

F oS % (W 2-122 W 2-13)fF 0 W B #T K a5 % - ET o F §ot ik
EoR SRR ET AR - TP R RAT TR HESRE DA
FLER T AEPEB R B - BEEOTYY > b hT AiET

Gl o g we L FE D A ABFIRI TS F B IR AT L R

#F ]
4
Length = 100 cm Y
7-/ : "/, Width = 20 cm
! |
£ | |
|
= I
© = Wl Wh | I l
I i
521 N  uaks
S \ ' i Iq
== ) Hp %! . _/; -, 4
Iy Jl 7
v X \\\ e =
T Rubber sheet  Dough sheet
Foot-wall (fixed) Hanging-wall 3

B 2-11 24 £ %7k #) fa %k L B(% Fo 0 2014)
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W;=8.72 W,=6.00

Step 1 — initiation of offset Step 2 — middle of test

W=11.31 W,=6.38

W;=8.72 W;=6.00

Step 3 — 5¢cm offset and growth fault created Step 4 — additional 0.7cm offset
B 2-124 Er ¥k m il 2 T 4 3 B % 2 Bdids B (% F v 0 2014)

80
~o- single test 1
—= single test 2
~#- single test 3
60 — —= growth test 1
~ growth test 2
_~
~= growth test 3
X
>~
==
= 40
20
0

p—]
1.5% - 1.8% 4.2% - 4.8%

Bl 2134 Lo ¥k & ast ESA PRI LT >4 5 B (% B » 2014)
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2.3 ITEHH

231 #H 3k

Itasca(2004)*t PFC2D z_ ¢ * £ p ¥ P > PFC2D p ¥ 3w 3E4 5 8 fy

BERHN AT RS RIS HS LR AR AR L PR AL P

Kl

2w ko B FEE]) O FTELVZ o w i e Rl Hixi4 o &
# 304 e B4 (adhesion) s & o 4 HN B ERGE S ER A T M FIH B A
MR AR b2 - BRHE o SRR E I e R R 0 XA S E A
A% T OREHE Y T E B HARE g o > T A F (cementation)

¢ B3 91(2013) 12 PFC2D i (7 g Bk 2 3 ene T 3E% - PFC2D p 7 3% ©.7
AR A B 5T FAERE BRaEE 1Y L L BT 2 %0 o iR
WA itz A AR HG RS RRMZ o BB 4§ Sl
BrzZ Mh-BRSip TRERFUNITHRATTZ 8, 3 A BEe N
(I BRFV i 2 TRZEFEHNFTFRFF A R B EIE2 4 5
BB RS ERRE R ML B E G Kook 432907 0 H R QMRS &
T ¥ BERE QR AT FAEEZ R R L o Aok i BB HEN & R R R
PR - AR BEFAI R T L TR o L 4323 RN T 20k
Bl £ 431954 l)

d A Ar(2014)2 (ER FHETH LD AT R U T L R
FEFL) P o 77 PRC2D i 78R 2 M 0 RuE S ERAIREY R - 2t i
SMEA o 2 EmEEH > RV E pd 8 o gt iEE T PFC ARE PN E 2 AT A
SR (RHEMES LF) A 29 2 PR TR F AR ks
topE o B4 ¢ A4 3 g fi(interlocking) - # & AR ARP RE 0 B2 MR 2 B R

LR AP ER TR R FE T HRENR > HEISHLIER
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2% 26

d 17 bz

FIR) 48 N B L b

SRR R BB R AL R Y BB B 5 0 e

F i -

R

RE2 R4 0 B VO HCHERT Bk S 60 R

SERed g B2 oA Arsg it o f B A

20431 T AR A RERE AR HE

B340 2013)

O PR DB e PE R

A %50 2:16

SRR ML D SR A RECRY 0 BRI B

R B G R ER R R Y L

MU 4R SN A (Y

O~ R
(Pam) | pb_kn=3.6x108 | pb_kn=7.2x10" | pb_kn=1.8x107 | pb_kn=3.6x108
e pb_ks=1.2x108 | pb_ks=2.7x107 | pb_ks=6x107 | pb_ks=1.2x108
+ % A& (N/m)
Kn=3.6x10°
K.=1.8x10° c=6.39kPa c=15.34kPa c=37.8kPa c=44.24kPa
$=37.6° $=39.41° $=38.85° $=44.23°
pu=0.24
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30432 RIS HAHRL ARG HEZ AR EEE 8 2B 4 (L

B 23 et > 2013)

i~ 53 (N) n_bond=0 n_bond=0.1 n_bond=1 n_bond=5
Fi e s bond=0 s bond=0.1 s bond=1 s _bond=5
c=9.57kPa c=8.1kPa c=13.41kPa c=46.16kPa
0.5(mm)
$=15.37° $=18.00° $=13.34° $=16.55°

232 19 ¥k W

% 14 2 (2006)F] % 4 LA % A 47 B4 (ABAQUS)E 7 - © B iE B A 45
P ERREAE A BEE AN RRRL T A S e AL P RS
ELE

41

-3 R A HTRED 2 S B R IR 5 o e
B o wF]ABAQUS A HAadr o Rl R4 02 B B K

TARS M FrE i LR E B -

233 #s R KR

% F ARt a4 5 19~ 409 ~ 80g (N i ET - TLE) faiRsk o B ET
£L60R CHERETRS LN LgRETHRLIEL 024 D AT oL
EHBET B M A RAUSEE RS THAFLFT o BB 8 44 12 PFC2D

S8R R31G 2

BERERHE O TR E S 60 B ok Bk

Lu
f\j‘\‘:
K-
&
'
[
(\x

ORI REHR S - R B A P e flic BT R ETA M & D BT 2
HETEGd iR > 2 AR 2RISR
WETE R P 0 R gk 41w Gompertz function H#E A ¥R M A PF > A

3l 4R T M A B2 5 (LW 2-14 2 B 2-15) o -] 2-14 2 B L3RR

|

iz > ﬂi;—l » Gompertz function > ¥ 48 £ 18 1 7 e ¥tk MR 4 2 £ A3 i §F
2-19



FR72Fa £3e $F8 BV E3F7RESEBRLEEFEE L% 0 2 B

o [F] o e T BT R AP & PFF]A A e 87> 3 40 1 Gompertz function & (748 &

: vertical projection line of fault tip+

¢

0«

Wall 5+

Bl 2-14 s p)i5 7k 2o ¥ 2 %7536 7 L W3 7 % > 2013)

—— ground surface deformation [
0.4 4 —— slope of ground surface 0.4

Normalization of ground surface deformation (h/H)
Slope of ground surface (rad)

B 2-15 2 Gompertz & #c4g & 15 STk 45 #0220 £ %535 (58§ 4 > 2013)
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%1

o C

= -

g 80

T r

o L

o 701

: E

© C

c J

] 80 r

o C s
€ 504

- 5

= r

£ 40

= r b
) r

ol L Vild
g 30

L

]

§ 20

=

=)

10

Input friction .vs. Output friction

-
-
o
&2
// g
- o e
7 //// i
s /// /’/
- I P S
-
L

Regression of 0% ball spin fixed

Regression of 10% ball spin fixed
Regression of 20% ball spin fixed
Regression of 30% ball spin fixed
Regression of 40% ball spin fixed
Regression of 50% ball spin fixed
Regression of 60% ball spin fixed
Regression of 70% ball spin fixed
Regression of 80% ball spin fixed
Regression of 90% ball spin fixed

LT
T

T, , Rearesgiop pf 190% bali spip fxgd,
T T T

10

20 30 40 50 60 70
Particle's friction angle (degree)
[¥TE R Bt 2§

Bl 2-16 spf A il 2 F 2o b

+ -

s L

80

\\\

Ty
-
.

(S

.
-

2T AP TR B TRk TIW )3 BERE (P 4 B4 2014)
EEE T EpLp) 4 GRS E 1) S
3R Bt AT R b ok

0%

473

10%

485

20%

80%

52.3

30%

90%

54.6

40%

100%

61.4°

50%
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234 4 £k HR

4 T (2014)i * PFC2D i 7% %74 2 4 £ & & #5580 23 ~f B4 2E)
o TR LF > BB B 024 Bk A NAHY Lo R LB 2 05
F oo MR 061 1 o AT hiEs fH2Z A LR RA(LE2-17) 0 &

HPp@Es v i @ S84t &2 4 H i dic ) 817 LYrET R AR g 2

=g

E)T';%HJ T

=1

2 g e TR B 2 B R (L) 2-18) 0 T A TETRE A T2 TR d
Moo EMARG R LETR DRI B AR P E o

L AHEIRE R ERZ B 0 TR G 2 2 R =l iE 205 = 0 07
FEEREL ) - 2RE%RAFZA B AN FE RS AT R Y B B
FTOROBEEZEKE CRFEFLER TN BE R MRS > REIRE

FILREZFHA -
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H;=19 cm

H=

H=H;=20 cm

Foot-wall (fixed)

=

4% 1o

B 2-17 1 PFC2D £ % 2 2 & I 7R 7) fa -3

SCF-2

A 47407 2 SCF-2 482 2 & &

@ (R T 0 2014)

2-23

Hanging-wall

| (% T > 2014)

679 m




3% =3

~FE 3 $ % Itasca Consulting Group % & 2. 2tid 7 #8 & 47 4% ;X ——Particle
Flow Code 2 Dimension— i {7 #icie it > 12 ™ #-f§ fL 5= PFC2D - PFC2D &_r i %
AR E RV R AR BBERRIN > WY T 2 S FAR SRR 2
R oA - EFR ALY T B R A RRE E P ERE
08 > G 3B R R gy Hg s kAP Mk B
Lo T RAHBER A E2 S PFC2D P i3t B ORI Z SER A chie S 2 R

BEFALR -
3.1 Bu~%&;

i &) ~ % i (distinct element method) = &4 ~ % /% (discrete element method) 2.
g (54 d Cundall >+ 1971 & 3% &) > % TR R 7 A2 BRE S BUR 0 A 1
A HCE A AL 4 & 7 5 (Cundall and Strack » 1979) o 7 e *t — 45 Siig 4y 4

Foprr 2 2 R4S 2284 BRI o A 4470

“J

EHEHAY A BESAFOERGL > AR @R AR R AT
BEAZTERPSE - n Bu 220t~ 2mA B 45 0 EIRRRA
T ORAAT A F R ARG LA RS S BER AR EE R - BER
FEE > Bt BRREEN » RRIFAZHRFEZ B3 HA] B LB~ F il
BRI A EHEZAH S FHRA A2 -6 TR

T ggg—% °

3-1



3.2 e i1 &

321 # ¥ RAE

PFC2D P % @]~ 22 Fappdafiz 25 447 BRI > & - B
B e 2 BT B E > P RK BB EY DI R RSt
BFA BN RTIPLB IR THAF AR EEREAYUN > U e BE DR
WREMD R §HRE®RE 7 Gd R R s Fd gt F T
- BREERF AR E 2 R4 MR P IR BT e
PFC2D #%i& & 427 % B~¢t kg3 *T L 4 ;2 (explicit finite difference method) > :#-
BRI L S ] D RE > fLG FERE(time step) o BERS R F BEE A Fant H H
o G- BRERFIE A EFRREP > R~ ZRIRL eS8 R
AFOE ORI AZ 2 EHEE AHES  RHEA 2 D FH T
PR TR P - BRREFH oA BEREL T A S 4y A
A E PR G W31 5 PFC2D il #c#2 3 5 fF3kiniAz > @ A PFC2D & & ¢
i A Bk @ 4202 T > gk(ltasca 0 2004) -
1. AF~ZF ¥4 kM-
2. AFEORPHETLG - B 27 LR SRS o
3. BB T AFRMARG PR AR -
4. HAPREBFTAEA BLFhi Lo > £ T {rin
fEA T A BB ANRE S ¥ g o R RN e
5. ¥k A~F2ZF iRy K el e

6. i} aMpia R MEHARD AN TR AL NE S LANE) -
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aricle wall positions ang setof

e Con

Law of Motion Force-Displacement Law
(applied to each particle) (applied to each contact)
* resultant force + moment * relative motion

« constitutive law

\\\“ahﬂﬂﬁﬁlg,////

B 3-1 PFC #cie gt ¥ 2 3 5 5 7 /i 42 (Itasca » 2004)

322 E=HEFE

PFC2D #icie g2 i Lo SATA S 3 A A “fimd > Ah A LAk 5 XK
W AR B R LA E RN F NS T AR E g SR i A
T/ 2 (contact) » HEAI N T PRI RES B 75 0 g AIE Bk S i B R
@( o

B Eb2 w07 ¢ 5 (L)% A B0 (stiffness model) ~ (2) 7 $¢ 42 (slip model) 2
2 (3)4 % 4i-3] (bonding model) o 4 & H074] 4 421§ 4 fof A 4 2 4 LM 5

P g s BI AR AR B e i el w4 AL AAEF

o FIFB AR b 7 5 SN T K DERF g R R > B3
Bapk 2 BFE G AR * F B4 % 03] (contact bond) 2 T 7 4 5 4 (parallel

bond) o & fhak 2] 2 4 B 3T A SR B (AR APE S B)E o 1

FLiRPmEL i FEREAF AR S 2 g o AT Bk

Poft fThR % i Bk e W) Z SR B U RS o
BEAPRGHPZEFRMAA rE A4 2 0 B2 BB G - 192 RATHD

B BERI S BN G I B R AT URDE » do 3.2-190 7 ¢
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S BRAIELF BRI MRS e U HE DR il >

SR RT R drit 3.2-2

PFC2D #%.5% 22 3 #1243 (linear model) 2 f i+ Hertz-Mindlin 3] (simplified
Hertz-Mindlin model) #& £ /8 #-3] > 287 3 $ * @ ‘ﬁ P A BB T A R 1
PHERET DR T LA ZEATRZEF P H o BT e A ARESRAKT
(contact normal secant stiffness)£s +» » *» s % & K (contact shear tangent stiffness)#-

VOB a5 3.2-3 ~ 3 3.244 Ao

k,EA]k,EB]

(Al 5]
s_ KK

TR LRI e i 3.2-4

IR [A]E[B]A Bl A T AR L B AR e X NARMHEGNY > e s B[R Y

Tt RASR o @R

o OF_d(K'UY)

qu” QU et e 325
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N " contact plane

Figure 1.2 Notation used to describe ball-ball contact

Bl 3-2 sk k2 2 f 5\ (Itasca »

2004)

Figure 1.3 Notation used to describe ball-wall contact

B 3-3 B4 ok 2 ¥ 4550 (Itasca »

2004)
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323 4R

SEBRAR VR IR U AR R R BIR L IV E G RRE M X G &
4 % #-3) (contact bond) 2 T {74 5% #-73] (parallel bond) o = f@4t g Al 2 4% > »
PP ALEe (AR RS 9)E e L FE RPELLS - PR
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Figure 2.2 Parallel bond depicted as a cylinder of cementatious material
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4 el DY BN
e D HiERIEP 2 23
2 AlEFXERE S £ HE 2 H R 2 B HCY (Bjerrum,1963)
Angular distortion ~ Damage or allowable criteria
(Slope)
1/750 Limit where difficulties with machinery sensitive to settlement

are to be feared

1/600 Limit of danger for frames with diagonals

1/500 Safe limit for building s where cracking is not permissible (safe
limit for reinforced load-bearing walls)
1/300 Limit where first cracking in panel walls is to be expected; limit

where difficulties with overhead cranes are to be expected

1/250 Limit where tilting of high, rigid building might become
visible( danger limit for panel walls of frame building and
reinforced load-bearing walls; safe limit for open steel storage

and tilt of high rigid structures)

1/150 Considerable cracking in panel walls and brick walls; safe limit
for flexible brick walls, with h/L=1/4; limit where structural
damage of general buildings is to be feared (danger limit for
open steel and reinforced concrete frames, steel storage tanks
and tilt of high rigid structures; safe limit for statically

determinate structures and retaining walls)

1/100 Danger limit for statically determinate structures and retaining

walls
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