creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

225349 2 S840 o7
AFEALF] HBAAY R W SA
B A7

Downscaled Model Test and Numerical
Study on End Bearing Capacity and
Displacement Characteristics of Rock-Socketed
Drilled Shaft

2012 9 7 €

Hedstm et

SR

-



228349 L FAHY @
AL HBAAY 8 WS
#e A7

Downscaled Model Test and Numerical
Study on End Bearing Capacity and
Displacement Characteristics of Rock-Socketed
Drilled Shaft

o] RS FHUA FYEFOE ASY
2012 9 7 ¢

Aedsta tste
ATBAN 2B
uk g A

2012 9 7 ¢
9 9 % (1)
2919% (1)
9« (1)
9« (1)




ol 4

°

ol H]

Al

fol AT A3}

°©

o] ¥4 o= <l

= oAl v 19y

fol nHoE A

23]

3|
oS

[e)
Kik<n=r

C1’_]_—

o

A A =

AA o] )z Hol7] we] He-o]

%)

]_

2131 FLAC

A =

5

=] 3]

PN
T

A3 A=
fo] Z2go] 1ElE 240%x240x240 mm =L

[S]

9

37 9

[

5] © O~ =
qdE T

ol

719 EREEE AlEHA

4r

R

B
—_—
fite)

wwo

&+

ofpy

;OH

—_
fite)

Njo
~
fite)
o]
;OO
st

—_
fite)

ofpy
S

)

7
No

7} BA 7}

49 %

[S]

A
ps

= A

B

5

Hu el A7l o

[¢)

EaieN
=

7F BAZE ABa, T

=

[¢)

7
No

0
o

gule] F7)e] wel

o TtES



%
¢+

ol

o
o
oj

)

Njo

gl

of ]

kel Ael7t A

o
;OD

g A

S

o &4

e}

)

o

)
%

.UH
B

T
o)

NI

&+

= ST 1y

Fol AekA) A

H)s

)
jce)

B

+

A=A A

i

= o]

A A]

sfof

g Ar|ek FEEHE IE BAL

1] A

o) AspelA

oR
£l

ofpy
;OO

)

ok
oy

N

;OH

a

ol
Hlo

wjr

ofpy
;OH
il

B

A A Ag g ANE T

Aoletit

=)
=

shed] Sl

2y

A ATE

st

&
TO

bl %

S

: 2004-31001

Ll

1
o

1



o

List Of Tables PP PP PP PPN

List Of Figures RN

A

1.

11 Od:rL HH7§

wjr

=

o] wjAY

=
5

3

o]

)

BRI
<
ol

1

S

€}

+

—.AO

212 &

14

16

~~

(0]
-
o

mJ

+19

26
29

29

33

=
=

242 AR AE 9

50

zel

wjr

i

1



60

wr

NS

62

65

65

3.22 AlgdHe =7 ¥

71

3.23 E,E_'E]',E_' /\]fﬁ,?j ;q];_q-

74

74

331 7}%1— Eﬂﬂ%] ;q];_q-

d9

ol A
ES

3.3.2 Test Setup

80

80

Ho]']ﬁ

}5A5A F

341

83

87

3.4.3 Al

88

88

/‘5]; Test H1 wworeerreeremmrreeeesnreeeee

352 F4-¢ule] Wsje] W A%

&

=
T

1 7= Wsto)] w

3.5

93

o $Ixol e A%

96

/Ké]: Test #3 «weeeeeeeeees

E
=

100

E
=

A%l 40 BE A%
BA%wo 2HAe] ME A%

T

106

E
=

A
a3

355

110

112

112

115

3.6.2 ;Lé‘:_%e_:]l}j]g} /‘\jl:,_]-x]x]?_:]lp/] 37‘,_].7;”

117

_iV_



T
==
o

124

4] BAD O] B oot

125

A H A RO APA]

125

421 ZAAHE 84 &

127

129

132

R

=i
=

43 S|4}

132

137

]O

9 TH9| 7187] &

433 AR A E 3} A

140

149

149

151
155

155

156

157

53.3 RQDEF ATERZ B O] TA] coovevsssssserrervressnvmmsssssmmmssisssssssssssssssss

158

162

-

162

169

wjr

it
w

175

~

;OL
il g

XH

190



Tables

Table 2.1 Allowable concrete stresses for drilled shafts «weeeerereeeeeeseees 10
Table 2.2 Empirical factors a and [ for side shear resistance - 27
Table 2.3 Typical bearing capacity failure modes associated with various
FOCK TNASS CONAILIONS w+rrresereresesessesssessmssssssesisissssss s 30
Table 2.4 Value of N, for estimating the end bearing capacity of
drilled shafts in broken or jointed rock w e 36

Table 2.5 Typical range of unconfined compressive strength of intact

FOCKS #+esesemresesessms s et ettt 37
Table 2.6 Suggested design values of strength parameters ¢ and ¢ 38
Table 2.7 Value of my, and s based on rock mass classification -« 41
Table 2.8 Correction factors for foundation shapes :«:weeeeeemeeemeeseeseenees +H
Table 2.9 Summary of database of shaft load tests ««w«eeeeemerrerseeeeeeenees 48
Table 3.1 Dimensional fActorsg «w - rsesrmmsersmimmsmmisisiisssesisssesssssaesesesenas 63
Table 3.2 Scale fACtOrs « - wwrrrrrsesessressmsesesarssesasssss st ss et st 67

Table 3.3 Classification of rock mass as original strength and reduced
strength ............................................................................................. 68

Table 3.4 Mixing ratio by weight of cement mortar used in the study

............................................................................................................ 73
Table 3.5 Test DLOCKS - rwrsrrrsrsersrsrsassmsesisisiississessssses s 3
Table 3.6 Test CONAItIONS - swsrsersrsesessmsessmsesssisessisssssses s 84
Table 3.7 Uniaxial compressive strength of test blocks ««weeerrerseeeeseeeees 88
Table 3.8 Failure characteristics of Test #] «wwswrrrsersermersmmsessmeiesesnsnnas 91

_Vi_



Table 3.9 Spacing of horizontal discontinuity from the end of

GRAfL werrersrrsesesem e s s et s %
Table 3.10 Failure characteristics Of Test #3 «rerrrrrrrmsmsrmemissrsisseseinas 99
Table 3.11 Ratio of discontinuities spacing to diameter at Test #4 - 100
Table 3.12 Failure characteristics Of Test H4 «r-rwrrererrirersssrsseririnieransns 104
Table 3.13 Failure characteristics Of Test #5 «rreerereirsmsssrisseririniriansns 109
Table 3.14 Characteristics of various discontinuity direction -« 110

Table 3.15 Reducing multiplier in terms of the spacing of horizontal
disconﬁnuities ............................................................................... 117

Table 3.16 Reducing multiplier in terms of the spacing of vertical

disconﬁnuities ............................................................................... 117
Table 4.1 Interface parameters used in the numerical model <=« 127
Table 4.2 Input parameters used in the numerical model «weeeeeeeeeee 131

Table 4.3 Reducing multiplier in terms of the spacing of horizontal
diSCOHtinuities ................................................................................. 1 42

Table 4.4 Reducing multiplier in terms of the spacing of horizontal

SCOMENGILES e 142
Table 5.1 Drill shaft characteristics e 153
Table 5.2 Category classification of UGS -t 162
Table 5.3 COfCIEnt Of (@ e 163

- Vil -



Figure
Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure
Figure
Figure
Figure

Figure

Figures

21 SChematiC drawing Of a drlﬂed Shaft ......................................... 8
22 Sequence Of Construction drﬂled Shaft ........................................ 8
2.3 Simplified support mechanism for socketed piers showing

components of load carried in side shear (@,) and end
bearing CapaCity (Qb) .................................................................. 13

2.4 Typical distributions of socket (@),) and base () loads in

FOCK-S0CKeted Piers «+rrersswesessssssssssssssssssss s 15
2.5 Distribution of side-wall shear stress in relation to socket

length and MOAUIUS Tatio =+ ssssssrrressssssssssmsssssssssssssssssse 18
2.6 Variation of E, /E, with RQD wwsssssssssesesssssssssssssnssisssssnsss ”
2.7 Correlation between in situ deformation modulus and

2.8 Relationship between compressive strength of rock in socket
and side-wall shear resistance, or adhesion factor -« 24

2.9 Typical failure mechanism for end-bearing piles: (a) base of
pier bearing at ground surface; and (b) socketed pier with
length/ diameter > 2 +wwswssssssssssssssssissssssssnssssss s 5

2.10 Observed progressive failure modes of the end of shaft --- 32

2.11 Correction factor for discontinuity spacing -«:«««swemeeseeseeeeeees 39
2.12 Bearing capacity factor for open discontinuities «««:«eeeee 39
2.13 Allowable bearing capacity of jointed rock ::««weeeeereeseeeeeeee: 40
2.14 Lower-bound solution for bearing capacity -«««-«seeereeseeseeees 43

- Vil —



Figure

Figure

Figure
Figure
Figure
Figure

Figure

Figure

Figure

Figure

Figure

Figure
Figure
Figure

Figure

2.15 Bearing capacity of fractured rock -«

2.16 End bearing capacity, q,,, versus uniaxial compressive

strength, Uc ................................................

217 N, coefficient relating ¢, to versus o,

2.18 Stress and displacement curve «:eeeeeeeeeeees

2.19 Stress and displacement curve by hyperbola function -

2.20 Generalized load-displacement curves for drilled shafts

under Compressive loadlng .........................

2.21 Stresses in an elastic half space due to a point load

at the surf QO tre ettt sttt

2.22 Influence diagram for vertical normal stress o, at various

points within an elastic half space under a uniformly loaded

Circular QIEQ “erererereeeer ettt

2.23 Distribution of vertical stress due to a loaded circular area

on linear elastic half-space: (a) along vertical lines; (b) along

hOriZOntal lines .............................................

2.24 Stress contours for footings located on isotropic linear

elastic half-space (a) vertical normal stresses beneath

umformﬂy loaded .........................................

2.25 Vertical normal stress beneath centre of uniformily loaded

circular area at the surface two-layer elastic system -«

31 Detailed VieW Of SpeCimen ..........................

3.2 Steel form for making specimens =«

3.3 Procedure of specimens preparation -«

3.4 Relation curing time and mortar strength

_iX_



Figure
Figure
Figure
Figure

Figure

Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

Figure

Figure
Figure

Figure

Figure

35 Equipments for Conflmng SLIESS teerereerrrrermsrareerantniiniiiiiiiiitiiiae. 75

3.6 Drawing of test frame and real features -« -eoereeeseeseeseeeeeee: 76
3.7 Setup the test eqUIPMENts «sssssssssssssrsesisisisssisssnsnsssssssoss 77
3.8 Test eqUIPMENts Setup s 78
3.9 Measurement instrument setup: (a) LVDT and load cell

setup (b) load test machine = sssssssesssssssessssssssssissisisinssnns 79
3.10 Analytical method of g-8 curve on scaled model test -+ 82
311 Scaled model test SCENATIOS - - sw-rrrrrrrrrrrmrerrrerssesessesesssaens 85
3.12 Stress and displacement curve: Test #1 «wwoeerereereeeieeeeeenene: 89
313 Slope(q/5) Characteristics: TSt #1] «--w--eersereereerersesserieriesseenereneens Q
3.14 Stress and displacement curve: Test #2 «wwrerrereemecneenene: B
3.15 Slope(q/5) Characteristics: TSt H#2 «-w--werrereererrerrersenieniesseenieieneens o5
3.16 Stress and displacement curve: Test #3 «wwrerreeesrerneseeenenes 97
3.17 Failure on the end oOf Shaft - s-errrersrrrimmsmesirsessimsesisaesenns 98
3.18 Stress and displacement curve: Test #4 e 101
3.19 Stress and displacement curve: Test #3 and Test #4 - 101
3.20 Slope(q/5) Characteristics: TSt H4 «-e-ee-eerserrerrereriersesseenenenens 103

3.21 Spread footings on layered rock formations with rigid
upper layer and weaker lower layer and weaker lower layer

: (a) punching failure; (b) bucking failure; and (c) bending

failure ................................................................................................ 105
3.22 Stress and displacement curve: Test #5 «wweeeereersmsnsenee: 107
3.23 Slope(q/d) Characteristics: TSt #5 «we-eeeereererrererieriesseenienienens 107

3.24 Shape of crack at section; (a) crack propagation on the
half (b) CraCk on the Wall Surface .............................................. 108

3.25 Comparing to stress-displacement curves (vertical, horizontal,



and diagonal diSContinuity) - s 111
Figure 3.26 Correlation between UCS and end bearing capacity -+ 114
Figure 3.27 Comparing to equations of end bearing capacity -+ 114
Figure 3.28 Correlation between confining stress ratio and the
end of bearing capacity «ssssssesssssssssinssssss 115
Figure 3.29 Correlation between ¢, and spacing of horizontal
AISCONEIUIHES -+ wrrrereresrrrrsesssesesessesessssesessssesesseseseses e e saees 119

Figure 3.30 Correlation between ¢,,,, and spacing of vertical

AISCONEINUIHES -+ -rrrereresrrrrsessresesessesesssrssessssesssssseseses e e s saees 119
Figure 3.31 Correlation between UCS and ¢, (Ly/D: 2.0) eoeeeeeeeeeeeee: 120
Figure 3.32 Correlation between UCS and ¢, (Ly/D: 1.5) eoeeeeeeeeeeee: 120
Figure 3.33 Correlation between UCS and ¢, (Lv/D: 1.0) eoeeeeeeeeeeeeee: 121
Figure 3.34 Correlation between UCS and ¢, (Ly/D: 0.5) weeeeeeeeeeeeees 121
Figure 3.35 Correlation between UCS and ¢, (Ln/D: 2.0) seoeeeeeeeeeeeee: 122
Figure 3.36 Correlation between UCS and ¢, (Ln/D: 1.5) soeeeeeeeeeeeeee: 122
Figure 3.37 Correlation between UCS and ¢, (Ln/D: 1.0) seooeeeeeeeeeeeee: 123
Figure 3.38 Correlation between UCS and ¢, (Ln/D: 0.5) weeoeeeeeeeeeees 123
Figure 4.1 Diagram of interface in FLAC i 125
Figure 4.2 Direct Shear test s 127

Figure 4.3 Results from direct shear test (a) shear stress and shear
displacement and (b) frictional features of joint surface - 128

Figure 4.4 Boundary conditions and applied loads used in the

numerical mOdel ............................................................................ 130
Figure 4.5 Stress and displacement curve: Test #1 oo 133
Figure 4.6 Stress and displacement curve: Test #2 «oorererrerreereeeeeee: 133

_Xi_



Figure 4.7 Stress and displacement curve: Test #3 «orrererrererereeeeeeee: 135
Figure 4.8 Stress and displacement curve: Test #4 «oovererrereeereeeeeeee: 135
Figure 4.9 Stress and displacement curve: Test #5 «orerererrrmsserneeeenee: 136
Figure 4.10 Slope comparison of numerical analysis and model at factor

Tt H] wereeeeseresresresmsmsinsesesses s 138
Figure 4.11 slope of stress-displacement cure at numerical Analysis

and Model test at Test #2 e 138
Figure 4.12 Slope of stress-displacement cure at numerical Analysis

and Model test at Test #4 e 139
Figure 4.13 Initial slope of stress-displacement cure at numerical

Analysis and Model test at Test #5 - 139
Figure 4.14 End bearing capacity from Test #1 - 141
Figure 4.15 Correlation between confining stress ratio and the

end bearing capacity s 141

Figure 4.16 Correlation between ¢, and spacing of horizontal

discontmuities (numerical analysis) ........................................ 144

Figure 4.17 Correlation between ¢,,, and spacing of vertical

discontinuities (numerical analysis) - wweerseeseeseeseessesens. 144
Figure 4.18 Correlation between UCS and ¢, ,, (Ly/D: 2.0) weoeeeeeeeeeeees 145
Figure 4.19 Correlation between UCS and ¢, (Ly/D: 1.5) ereeeeeeeeeeeee: 145
Figure 4.20 Correlation between UCS and ¢, (Lv/D: 1.0) eoeeeeeeeeeeeee: 146
Figure 4.21 Correlation between UCS and ¢, (Lv/D: 0.5) eoeeeeeeeeeeeee: 146
Figure 4.22 Correlation between UCS and ¢, ,, (Ln/D: 2.0) weeeeeeeereeeees 147
Figure 4.23 Correlation between UCS and ¢, (Ln/D: 1.5) sereeeeeeeeeeeeee: 147
Figure 4.24 Correlation between UCS and ¢, (Ln/D: 1.0) sooeeeeeeeeeeeeee: 148

- Xl -



Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

4.25 Correlation between UCS and g, (Ln/D: 0.5) «eeoeeeeeeeeeee
5.1 Bi-directional load test installation -« --:--:--ree-reesreesreesmeemrecseennes
5.2 Typical drilled shaft(bored pile); Type A is for top-down,

and Type B is for general drilled Shaft -------e-sereereeereesessereenes
5.3 Correlation between UCS and RQD ::weeeereeseseesenssemseneniicieeen:
5.4 Correlation between end bearing capacity and UCS -
5.5 Correlation between end bearing capacity and RQD -«
5.6 Correlation between deformation modulus and UCS -+
5.7 Correlation between stress and displacement the end

R A AT O
5.8 Correlation between stress/UCS and displacement

at the end Of Shaft ........................................................................

59 g/o, - displacement curve of in-situ test at category 1

510 Comparison Of q/sc displacement CUTVE terereerersesensescnsuscaniaes

511 g/o, - displacement curve of in-situ test at Category 1

5.12 Comparison between fitting curve of in-situ test and model

test at Category T e
513 q/o, - displacement curve of in-situ test at Category 2

5.14 Comparison between fitting curve of in-situ test and

mOdel test at Category 2 .......................................................

515 q/o, - displacement curve of in-situ test at Category 3

- Xl —



Figure 5.16 Comparison between fitting curve of in-situ test and

model test at Category 3 «sssssrrerersssssssmssssssisssesisissisisninsssoas 168
Figure 5.17 Comparison between fitting curve of in-situ test and

model test at Category 4 s 169

Figure 518 Comparison of the end bearing capacity «««««weeeeeseeeseeeeees 171

- Xiv -



