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Magnesium | ;
3-0 -6 l/ 1-Al +3
Y 3-0H -3
(a) (b)
a
@ 6 | 6-OH -6
(b) —— Gibbsite —— A-Al +12
/ \ Symbolic representation of 6-0OH -6
Symbolic representation octahedral sheet 6-OH -6
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TABLE 4.8B AASHTO Classification of Soils and Seoil-Aggregate Mixtures

e Granular Matenals Sif-Clay Materials
i il (35% or less passing No. 200) [More than 35% passing No. 200)
A-1 A-2 AT
Group Classification A-3 AL AR AE AT-E
o Ala Alb AZd A2 A2E ADT -
Sieve analysis, % passing
No. 10 (2.00 mm} S0max ..
MNo. 40 (425 m) max Hlmax Slmin ..
MNo. 200 (75 m) 15max 25max 10max 35max 35max I5max 35max 36min 3&min 36 min 35 min
Characteristics of fraction
passing No. 40 (425 m)
Liguid lirmit . A0max 41 mat d0max 41min 40max 41 min 40 mae 41 min
Plasticity index & max NP 10ma¢ 10max 11min 1lmin 10max 10 mex 11 min 11 mind
Usual types of significant Stone Fragments Fine  Silty or Clayey Gravel and Sand Silty Soils Clayey Soils
constituent materials Cravel and Sand
General rating as subgrade Excallent to Good Fair to Poor

Reprinted with permission of American Association of State Highway and Trnsportation Officials.
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Ara 50% of particles 0.075 mm?

| Yos | Mo

aoil is fine-grained
a0il is coarse-grained
I Proceed to flowchart of Fig. 4.9a

LL {owen-dried)
0. 767
LL {not dried)

Is

fas | Mo

Soil is organic Is clay fraction = silt fraction?
First lattar is O
'1‘95—'— Mo

[ ]

Soil s clay Soil is silt
First latter is C First letter is M

Is liquid limit = 50%?

| fas | [ |
Plasticity is high Plasticity is low
Second letter is H Second letter is L
20il is fat clay or 5ol is lean clay or
alastic silt sjlt
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Plasticity Chart
60
U—line
=0 Pl =0.9(LL — 8)
2 40
b
©
£ 3p A—line
= Pl =0.73 (LL - 20)
L
E 50 OH
[
MH
10
ML & OL
0
0 10 20 30 40 560 &0 70 80 90 100
Ligquid limit (%)
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|dealization V Water W
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TABLE 7.1 TYPICAL VALUES OF HYDRAULIC CONDUCTIVITY, k,
FOR SATURATED SOILS

Hydraulic Conductivity,

Soil Description =

. _ _ (cm/s) _ (ft/s) _
Clean gravel 1to 100 3x107? to 3
Sand-gravel mixtures 102 to 10 3x10% t0 0.3
Clean coarse sand 10%to 1 3%10™ to 3x10?
Fine sand 107 to 107 3x10™ to 3x107
Silty sand 107 to 102 3x107 to 3x10*

- Clayey sand 107 to 107 3x10° to 3x10™

- Silt 10°% to 107 3x10" 1o 3x10°
Clay 10" to 10°€ 3x10™" to 3x10°®
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Typical range of values

C.=0.1t00.8
C, = 0.015 to 0.35: also. C, = C./5 to C./10
C./C. = 0.03 to 0.08

Empirical relationships Reference

C. = 0.009 (LL — 10) Terzaghi and Peck, 1967
C. = 0.40(e, — 0.25) Azzouz et al., 1976
C.=0.01(w — 35) Azzouz et al., 1976
C.=0.37(e, + 0.003 LL — 0.34) Azzouz et al., 1976

C. = 0.00234 LL G, Nagaraj and Murthy, 1986
C, = 0.15(e, + 0.007) Azzouz et al., 1976

C, = 0.003(w + 7) Azzouz et al.., 1976

C, = 0.126(e, + 0.003 LL — 0.06) Azzouz et al., 1976

C, = 0.000463 LL G, Nagaraj and Murthy, 1985
C. = 1.35 PI (remolded clays) Schofield and Wroth, 1968
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X X2
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y - Yy ] Q=YY - -
kg - '\ Active Earth
- Pressure
T Distribution
Surcharge H
Pressure
Distribution
M
KyryH(cos B)
Kag=EuY ] . y s
Lap=(cos B) [cos B - (cos? B - cos” &)™)
[cos p+ (cos” B - cos® ©)%7]
T T
H,
l H: = H]_ + X
X Lo
Passive ™ Passive Pressure
Pressuse D Distribution
Distribution , 12
Ky yvD Kz yD{cos B)
Where : K =(cos B) [cos B + (cos® P - cos® @)*] K =Em/F5.
[cos B - (cos® P - cos® @)*]
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Angle of internal friction ¢ (degrees)

Correlation between SPT-N value and friction angle and Relative density (Meyerhoff 1956)

SPT N3 . Relative Density | Friction angle
BowsDam-17) | S0 Packng [%] (]

- -

<4 | Veryloose | <20 | <30
4-10 | loose || 20-40 | 30 - 35

I VRN
| 10- 30 | Compact || 40-60 | 35 - 40

|
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e s Gaes
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> 50 | VeryDense | -80 || > 45
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platform  Pelmmue

with 00° Apex

d=30 m (10 om)
of

4o dmm (15 o

1. Saturation of Cone Tip Cavities
and Placamant of Pre Satured
Porous Filter Element

2 Ootain Baehne Readings for
Tip, Slewve, Poravater Trang duces,
&inclinometer Channels

Cone Penetration Test (CPT) L

por ASTMD 5178 procedures
Cone Rod
(36 mm dam,)
f, = sloeve fricton
Roadings taken
U, * porewatér pressure every 10 to 50 mm

&% el ea 1abo (from triaclal calibtation)
Q= measured tip stress of cone resistance

AM 2

: 4, comected tip stress =q, + (1au,
Piezo Cone .- A CPT
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Control cable
Metal rod

GL,
A Test control Compressed Processing unit
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e e 4 B> '~ Outer metal shicld
? had ' n
- | s \
8 o : ¢ ES -
I ol ) ) ' : } ;—; Water inflated
=l 3 | Expanding scction " 12 ! central measuring cell
E 2 || and cavity v |
; N 1 ; <+ Gas inflated
o WU no ) guardcells
~~~~~ e
== — Seclf-boringhtal~ ~ ~ < _ _ _ e
L . i
2 Details of probe

DMT

GL

Soil strata

(PST,DMT),s 5o gisd 9 (5 50 9m 23 S il 3T

Pneumatic electric

able

PST

Gas tank
@ N,
2
Control box
e Drilling ~ _.--7777777C =
rod ~\\\
."' \\‘
a"” \
4" .
- '
L '
Flexible ;
’
membrane Y4
Dilatometer S
1 blade = ___.

Profile view
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S s 41 abo 3T 2l
SO V1o o)yl @
—_—— BH-1 @ 1 m (S1) ————— BlI-1 @ 1.8 m (S2) LR TETEN BII-1 (@ 3.3 m (83)

il

50 ‘.‘,*: d.._"

TO— ’,::F'.;“ e,

ao— ,/" F
g‘ 50— - __.—dl"’.‘ ——’;‘1;-_#-

- L s T
% A0 — ‘,"’#--‘P i _.——-'// ".-
] ..—-—JJ e P
a0 . P . - f,—’ . ‘-
j—-—— "—"-‘J = -
_f—_ ro
E 8§ 88 R® T 88T e - =
Particle Distribution
Classification
&les® el D10 (mm) D30 (mm)[D50 (mm) D60 (mm),  Cc Cu LL (1) PL (1) B e
(m) 51 | easie g

BH-1 1 0.001 0.023 0.671 10.284 0.05 >6 67.9 29 N/A GM A-7-5
BH-1 1.8 0.001 0.004 0.215 0.832 0.02 =6 36 5 N/A SM A-4
BH-1 3.3 - 0.351 1.082 1.813 0.9 - 35 17 N/A SC A-2-6
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Mechanical Properties
Gs Ead =oaley Ll F (o) C (kz/cm?2) g dm S
2.65 Slow Sat. 15.9 0.1 10 Juare
Sample Properties
r‘;ﬁd&'(k‘gf S Y e e (kg/ | «tis anwsts (21 ~ i R R R T . . i
F2 - A ke = Lot i
cm2) dev) cm33) ISP sl e (1) (VA DORL S EL=l s (1)
1 1.02 {1} 1.5 1.75 5.7 2.9 0.51 294
2 2.03 {2} 1.5 1.8 3.3 24 0.47 18.7
3 3.05 {3} 1.5 1.77 3.1 1.7 05 16.6

Julpleidln (Swaiie pUbs Ylojlw — (g )l ol : ealBis 9 And




64 -

0.62 +

0.60

0.58

028

*

|\

g a3 Ay )
e m, G r K
E emkg cmisec . ! omisec
B6E02 | 1.24E02 058
261602 | 114602 045
1866-02 | 144F-02 0,46
1.03E-02 | 1.09E-02 0.29
6.99E-03 0.31
475603 | 1 028
|
et ol ) gt | Je gl
w4 kolem? cm om
i p hn DH c
0.00 2540 0.000 0.716
0.25 2496 0.044 0,685
0.50 2480 0.081 0675
0y = 63510 za 0.084 0660
cm 2.00 2481 0109 | og4z |
=1 480120 239'7 0.143 0,620
em 8.00 2252 0.188 0589
1.00 2370 0170 | GEo) |
s
\
% \
=94 “ 253 et et
7 1.95 A7) T ) g
o8 158 1
Gs 2670 5 Ly S




 pow ual

ods ¢ 9
o slews
0o sl

e pUds Ylo jlw




S0 9095 & g2

I3 )3 b o) b &ous Sl )3igul JHS ) G TE 9 ol digl HB 43 Sl 395 U
dile Shlike BlABI (Sl SIS 33395 .3gub 0 FMbI H9lxe Yleidlw (o3 ) Il )5 mb

bl 0 S A4 Yww) d3xe Abw Gl 0dgwpd Ylidle K xS
Pl oo 9 Gue) ) VIRe Dldal L Slaal ladus b ) LYgumilaigd

394 70

6105 398 T-1-A1Y
leislo (g ) 7 L Oee) gresk el J0ak 5 0 RS g Sl 4S8 &
Sy gr Gl (50,2355 s5lona

JR)l pleidlw (g U5 Ylojlw — (ol HiKlS @ uldis 9 dus




S310 99 995 (53w poaf Slua! g Of o>
1SI1S )2395 wlyboa O

9 Gl S buzo )3 Hlod ()3 Sam) g 9 rdeie ) VI9T bgiw 9 L o)lgss iy U
(bl 5o SIS p3395

O3auST 39008 I 0L K& O

w9 e G0 O Jisled oluwwls 43 wloduo Szl 9 3 )9 33 )l (AL il ydoa O

o S0 9 ol Gkl jl (L aogomne O

gLl 5l bgiw O

SIS 32395 (55w (yesl Shol SSlaal O
.é,f)'lg)l';g&lé@&ghﬂlgl_;bb Q
. 395 Sl ZoB 9 JAIS Jlgel Ja2a O
OB shal sl pieloo 9 oyl Joslyab 39T w2l s O

JR)l pleidlw (g U5 Ylojlw — (ol HiKlS @ uldis 9 dus




Syl S0 90¢5 b S M9

9 Oeimwnlio (o)) T S umdg 9 0J9x £95 a1 SuiSigs) daulyb 43 495 L O
Subly (51952395 sla gy palw oar P9 RIS esl
Dol Jeose

9 Opadownlio (o)) T S cumdg 9 0J9x £95 « S SuiSigs) dylyb 4y 4395 L O
gl il 395 Hleo Y (3335 LaS

D30 &S (HlR6 9 39 Sl Yo As (51D 30 34 Vb)) VD GIINSS Dboladl &y HLs (4 yies O
Qubls AUBIS 3135 3939 395 HI905 (SB  YiugS 9 YT ) JriSs UKol SIL) V)

JR)l pleidlw (g U5 Ylojlw — (ol HiKlS @ uldis 9 dus




ol jl comiloo « 395 (5 01933 Y ja) Hl (55 9da Hgldinds cdge sl 0 jlw HuSS o jlw
Ol 43 393 s o)lgad 88l S ya Al p Jalie ) )Y oIl 9 S atmml sl 9 B
Flwo 9 T L B b S Hl Y o)jlw .03 ,F (o Wildal (Sleidlw lles «s,f).zqfl.xsl
b 519 355 oS T & s GO 5 ola il gl &F wl b pe ST eSlisS
)3 L dgus Aidlw 9 (A (SwIiio 03ub AiALuD Jguol (bl ja 9L &S ol sl o jlw )55
Mo ) S GRS pa 9 (520 9 YR 4395 ) ¢ Y S5 Sl 9 5)Iaky « s 3dwiles b Subly
& il s Y Gilbo USB (5ol 3395 boslpubs 9 oglio slapiel)ly 4s dags L .ou8

3903 alABI LT e il slash &y csand . awAin s celiabia s clail b Asls 45 361 SSSZuns

gl cdls 3 lea

JR)l gleddln (wdige pUbs ylojlw — (g U ol : eaddis 9 A




obeS o il 19
0J92 Bded )3 SB i) Sl G )89l 9 il Sl VS ojlw glgil LIS Hb & T

20 T & pleidlw (o i) pie @iad azmie Y-0-V diy Galke (5)ld 0 SB ShHId sl

Ol slaojlw glail Y-8-Y
g o Py 095 7 49 Shee a5 45 LS lasile g9l 5l g e ST 5 )NE e
Syad o3l i) s Sjge WL g (2955 5 Sl des 5 Bl S

JR)l pleidlw (g U5 Ylojlw — (ol HiKlS @ uldis 9 dus




095 5 ilw (5L o b g

Jeliie o Yhg

(Braced sheet pile) (5295 o Jouwgs 03ub (s34 ko S o)l

(Bored pile walls) s ys sla geub gy 43 395 )iw ol

(Diaphragm walls-Slurry wall) e51)3L5 slgss g, 43 395 (5w (s)Hlask
(Braced wall using wale struts) Jslo 9 5881 sla gledl gy 43 395 (5w (s l3sb
(Soil nailing) Siadss Yoy a3 395 (5w (s l3ab

(Anchorage) jI,Sl gy a3 395 (5 lw (sl

(Micropile) Jsbg ySao o dlaimwl

(Truss — Raker) b s ol o jlw shyal g

(Soldier beam& lagging) (s sla gledl gy a3 395 (5w Ik

G ol yhg)

a5 bl (50 39390 395 blias S 58 )RS goile la Yy B9d sla Yiyose ogde
S0l 999 Sl I (S 5 b 9 Acgeo ) Jilgine

o 00000 o0 o0 o000

JR)l pleidlw (g U5 Ylojlw — (ol HiKlS @ uldis 9 dus




Il 63590 Slpe 9 6139395 )l Jold s o)lan blin 9 ($IINSS sl 03w Yoy ¢l T
Il - 3gah (50 0Ll (5 pipd S Juxo O BF YO e b (RBIYT LI Wb sl YL Huss
SIS I HY ud9i=xe 9 é,f S U5 sLad jl (g5 Jold BWI gy gl also
o blie 43 9 b Ylodl b 3,93 a0 Sy il 33l uized 9 s 3 g0 Dl juxs 9 VT yublo
Aubl (g0 LT pialail

: esalzo O
()de 1+ B H3513a) o5 (519 53 395 sl Yo, U
Sab glwss Wb 90 TS mhaue U

- Swwl uwlio B JUU sl e Loguod U

: Ll U
AU PRIV VT

sl g dbaidl O

JR)l pleidlw (g U5 Ylojlw — (ol HiKlS @ uldis 9 dus




a2 olaia i wddie pUS lojln — 6 lins GiulS : aakis 9 dng




a2 pleid b (g pUds plojlw — ()l HiKLS @ uldis 9 dus







Jiliio yleo Wiy S1 52

+d @TopDownConstruction

—‘\—-b.._.

o

J2)l Yledldbw (Sw iy Ioan ol — (gl il : fub» 2J3 9 A




S w9y 4 095 55w ylwb

Il oslaiiwl b 9 Suilogis Yusa Joawgs 395 oplaa 9 S JAIS (6308 wlxiuo (Y9 ol po O

o lda S5 9 oduh Jake )R035 4 395 i Va3l glgil b 9 Iiguh (0 03wmgS b))

OIS 09 9 a5 « OIS VS Fab P9 l Bhilie JIL8RS (eSSl |) Alwgy

ORFeD bl 5o 3533 6D 09 52 ) odlaiml Jalb 13azxe YT FZlos 9 0339 (5 348 bz

Jlubl Sld wad93=xe (p3lplis . 3ubl (5o Hbs pieS Jalo 9 I Slglell &3 yhgy ol )

SHD Sy uas &y SSiwsly ybg) (gl malee aloa 1. )1 3939 XS 395 JAlS (gLAS

9 UM il 9 ok (HU2ye) Dluwl 3929 Jidda b Sl buxo Hd AT bl (50

23 1 w0 9IwgS prixad 39T (50 39393 ) (D 93930 L yuuw ingS I (L sluwo

L S o) 2 9wl jdy plxil Gistw & @S hie b Gl SB L 9 SHiw sld Hao)
33,5 (50 Aalge 3930 by HgS 3w Jogl s

JR)l gleddln (wdige pUbs ylojlw — (g U ol : eaddis 9 A




(Sheet Pile ) 3¢5 yw dawgi 995’ (5 3lw Il

a3l pleia b wSdo plAS Hlo




®

H9 o (s

S

o

.“Dw
num
3
3
1
1
;
3
3




S g 5152

keller.com

5 r‘“ll m Hi
._l” i

Julpleidln (Swaiie pUbs Ylojlw — (g )l ol : ealBis 9 And




G190 9995 30 b Ao Alino £199f

Ol D zeuds &5 glas ol b Sl (o L uw isled (S o)lw Ylgic 4y Ly zauds (RTHI
S Goc Sl Al ) bl (5o I juw Ay aaus (G il (S pial Ylews SIS 9 03w JaSuis
903 03wl YT Hl Ylgs (o siuias

O gt o0 Jlaes b oy ¥ Slob g ¥

JR)l pleidlw (g U5 Ylojlw — (ol HiKlS @ uldis 9 dus




S0 90¢5" 30 b oW Aliko £1991

contiguous

OOOOOOOOO

D = pile diameter, S = pile spacing, S = D + 150mm typically

secant
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D = pile diameter, S = pile spacing, S (male) = 2D-2b, b typically 100 - 250mm

M = male, F = female
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D = pile diameter, S = pile spacing, S < 3D \ lagging
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1 Excavation of appropriate lift height
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4 Application of sprayed concrete facing

2 Drilling nail hole
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IL/H =4.24 TL/H =4.45 TL/H =4.66
ZL_= 8L, = Tot. Length for case (a) Tot. Length = 1.04xL Tot. Length = 1.10=L_
RS S5 Soil unit weight i 120 pct
i 2 L, 4 Soil friction angle ¢’ 35 degrees
Note: P I = ’ =
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ln'sufﬁ0|ent nail length N 2 - Drillhole Diameter Dpy 4 ich
in lower partof wall S . Ultimate Bond Strength Iy 20 psi
N - =085 Pullout Safety Factor FSp 2.0
5 o Global Safety Factor FSg 1.35
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”~ Y \§ -
( 8 ' _r.=0.50 Note: Nails and critical slip
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where: R = effective radius,
2a = joint width,
p = effective grout pressure,
T, = flow limit of the grout material,
2r = borehole diameter.

JR)l pleidlw (g U5 Ylojlw — (ol HiKlS @ uldis 9 dus




35 o9 9 gloj O
1S Sy (32953 H)Lind 9 Slge s 5) 43 (53055 Ule) 3w
1 G o)
el EG Y iloaw lge O
AdS 7+ G Y- (§3) )3 (bosd Jgomo Slgo U
ASS Aa 1y 098 9 yoguaFe Slge U
ERC_P S o NE b
AindS 9 i 72 G & HlE Y3 ,5 3 O
A8 po pid Y B Y- )0 93,5 0 U
Asdd yo H Y B wldes Ll s O

JR)l pleidlw (g U5 Ylojlw — (ol HiKlS @ uldis 9 dus




old

()%3) 0 S dg9dumo
)55 & bgapo il jus
Eiww )Ll

J2975 9 )95 iaanuny

ySois HLiiad
Ol sl bul) 9 (595 Hlind sla Kiduiy

o000 o0o00o0o0oare

Ju)l gleid b (Jwdiyeo IoUé." ulojlbw — s )luw oiv.il.) fudo.»gw




JR)l pleidlw (g U5 Ylojlw — (ol HiKlS @ uldis 9 dus




Wl — oyloaw 39 5 9 O Jugs

Julpleidln (Swaiie pUbs Ylojlw — (g )l ol : ealBis 9 And



(1R) 0w S guumo — (yloaw 2 3 O jueowd
L AleS )l Gowd 03,5 e b JolS iy T sl s
Sl eIV b ol LT I oslasuwl b .339) (50 JU &y (32 33
L A e 0dub Jlacl HLid i JSlgiy (32055 Mo A (ol
b3Sy 3T o palrd g D)l AileF I uxo ghaite Jald
6 %3 Gl cusdgo ) A (il b 9 AileS (YL cound o
€95 93 42 3 Soc H15 )1 8 )%y 3335 (50 as AileS Jgb
P 39 (50 Euadts
Jlocl b iy dgub (g0 Jled SSuilo 3 )gu0 &y 1 (S5 1Ko 5
QAUS (50 13w luusl YU I Hlind
6253 Juw 03bo b 9 T L Igd Jouwgs 15 ¢yl 1 SSuilogiy 53
bl (s £95 99 A Iy LU HhAS )l 93U oo 3w )9S
J293 )% 9 S sla )5

JR)l pleidlw (g U5 Ylojlw — (ol HiKlS @ uldis 9 dus




GX e

L) ga
ff‘r’ 2

Inflation pressure

Flexible de gonflage I-Hld'w'
Inflation hose

o4

- L) - - _ .. N .Ié : LT 2 -
JR 3l gloid b (s dde pUs Ylojlw — (gl (IS : oaldis 9 A



" i) CAREC‘

T
s

Carbide drilling tools (courtesy of suppliers).
Top from left (rotary): Core bit (AC). single-stage bit { Krupp Widia), roller bit (Christensen)

endless suger (Hiitte)

Bottom from Jeft (percussion): Cross bit (Krupp Widia), button bit (Krupp Widia), rotary

Dramond drlling tools {(courtesy of suppliers)

Top from left: Surface set core bit, impregnated coee bil, reaming shell (courtesy of AC)
Bottom: Solid bats (courtesy of Christensen)
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(Jet Grouting) ,Lid b 3,5

L 2

I Drilling 2 Jetting 3 Grouting
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