L3/P1

Exploratory Borings : Techniques and Equipments

Boreholes are required to

Collect soil samples (disturbed or undisturbed)
Perform field tests

Boring methods

= Auger boring

=  Wash boring

= Rotary drilling

= Percussion drilling
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Auger boring :Simplest way to make a hole in the ground

Different types of Augers

(1) Hand operated

Used for making holes of low depths (3 ~ 5 m)

Usually used for projects like railroad,
highway, airport construction

Casing are used for soils if boreholes will not
stand unsupported

Soil samples are highly disturbed

Post hole Auger Helical auger
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(2) Machine operated (continuous flight auger) (a) Solid stem (b) Hollow stem
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Priast, auger. (0)

Plugged ”
removed and sampler inserted to sample oil below auger.
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The continuous flight auger is almost exclusively used at present since it has
a number of advantages over other methods, such as the following:
k Bowels/PGPS/p.177

1. It is very rapid.

2. Samples are less disturbed than from wash borings. o

3. It is easier to visually detect stratum changes from spoil from the flights—but
recognizing that current spoil is from strata already penetrated.

4. Rock drilling can be done with the same drill rig by changing bits.

5. The hole does not require casing when the hollow stem auger is used since
additional testing and sample recovery can be made through the stem.

6 Penetration testing and undisturbed samples can be recovered by either
pulling the auger (solid stem) or through the hollow stem after removal of the
bit plug. Care is necessary in pulling the auger (or the plug) that a differential
water head does not cause a “quick ” state in the soil at the bottom of the
hole.

Boreholes up to about 60-70 m (200-230 ft) can be made.

Sections are usually 1-2 m (3-6 ft) long

Common solid stem augers : OD- 2-5/8 in., 3-1/4 in, 4 in, 4-1/2 in

Common hollow stem augers (ID x OD) : 2.5inx6.25in,2.75x 7 in, 3inx 8 in,3.25x 9 in
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Wash boring -

* A casing (= 2-3m long) is driven
into the ground.

* The soil inside the casing is
removed by means of a chopping
bit attached to a drill rod.

* Water is forced through the drill
rod and exits at a very high
velocity through the openings at
the bottom of the chopping bit.

* The water carries up the
fragments of soils through the
annular space between the casing
and wash pipe. The water

SRR

overflows the top of the casing O boring
through a T-connection.

* At specified depths SPT test or sampling can be done. For this purpose the
drill rod is removed and SPT spoon or Shelby tube is attached to the bottom
of the drill rod.
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Wash boring.......contd.
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Cutter / Chisel Water Jet Exiting Cutter Head
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Rotary drilling

A rapidly rotating drilling bit
attached to the bottom of the drill
rod cut and grind the soil. Usually
the equipment is truck mounted.
The soil particles are removed by
circulating water or drilling fluid
similar to that in wash boring.
For sampling the drilling rod is
raised and replaced by a sampler.
Boreholes of 2-8 inch diameter
can easily be made
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Percussion drilling

* Usually used to make boreholes in hard soil and rock.

* A heavy drilling bit is alternately raised and dropped to
chop/grind the underlying hard material.

* The chopped particle are brought up by water circulation.

* The bore hole may be kept dry except for a small amount of
water that forms a slurry with the material ground up by the bit.

* When ground material/slurry accumulates, the drilling tools are
removed from the hole and the slurry is cleaned out with a
bailer.

* Not suitable for site exploration if intact samples are to be
obtained for identification and testing.

The detailed information gathered B U
from each borehole is presented in a
graphical form termed as ‘boring log’
or ‘bore-log’ T T °

A bore-log usually contains: o]  Liehtseysitycay P i
1. Name and address of drilling company | ‘ Ta ]
2. Project name & Location of site ] omEme ik T ]
3. Date of boring ] g
4. Bore-hole number and type of boring | ] vakerycieysie 1% \ 7
5. Sub-surface stratification ] 1| s ]
6. RL of GL and elevation of water table ]
7. SPT-N value 50_f Dark grey cley 15 i
8. Number, type and depth of soil .
sample collected e L b
70—: - 70 —
i Light to dark brown
80
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Project - ETP of ACME Laboratories Ltd. at Dhamrai, Dhaka
g Borehole no.- |

Location of Borehole - Shown on separate drawing

Top of Borehole is about 14 ft below the road level

ty of
Engincering & Technology| Ground water table - Near the ground surface

Depth (ft) ~ SPT N values Soil properties
&

&,
a,%g

& .
& 1 Description of soil strata

0 10 20 30 40 5

fine to medium sand
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BORING LOG

DHAKA SO, BORING LOG L3/P11
[CLIENT _: CHITTAGONG PORT AUTHORITY (CPA) _[KIVER BED LEVEL :- 1.5 m from Jefty
[RIVER WATER LEVEL : -0.60 m from River Bed
LOCATION: CHITTAGONG PORT.
'BORE HOLENO. 017 IDATE : 14-07-2013 TIME : 09:00 am_
- SO L
s - sroomn 6| RESSTANCE
g :!;g i §s gi vescurowor on arn e
s ILight brown soit CLAY.
b1 15| " medium plasic. tfifi]z] 15
b 3.0 [Grey soft 10 vy soft 1[2]2[s o]
0 |cLAY medium plastic.
D3 45 Hofrf1 [4.5m
D4 d 2|3 10]13] f6.0m
s afs|s|nn 7.5m
04 | g [Grey medium dense siky 6| 7]10]17 9.0m
", |[FINE SAND trace mica
07 P74 3|5]7)|12) 10.5m
s 3| 4|60 120m
g
:1‘ D9 13.5) o| 5] 710017 {] 13.5m
g D102z :q_‘w - |50] aver6” I T150m
E £
& [pn iz 2 |4s|s0] - | sojover 6. 16.5m
H ' |
iz 22 - [ 504 “I i50m
b1z /- [ - [soforr 21 19.5m
LAN
D-14 P24 |Grey very hard clayey 50| - | - |50fover 1. 121.0m
[SILT & shell with fine ’
D15 2224 sand, 50| - | - |50} mil' 22.5m
st sof - |- saomll' 24.0m
017 24 so[ - | - or:rll" 25 5m
018 24 50| - | - |s0fover 14 127.0m
19 2 5o - | - |sofover 127 28.5m
D20 50) - | - 150}0y i 30.0m
Drawn by Checked by - SHEET7(1)_GF 15 ATTACHMENT -11
Conid. next page. 11
DHAKA SOIL BORING LOG
TIENT _: CHITTAGONG PORT AUTHORITY (CPA) L3/P12
[PROJECT SERVICE JETTY AND DOCK OFFI
[LOCATION : CHITTAGONG PORT.
BORE HOLENO. (7 DATE : 16072013 TIME:09:00am
: A 5] o
sal=_|3 SrOONTER 6| RESSTANCE
T = [ h
: £ slefele]z —
#4545
7
4]
D21 224 ﬂti 50| - | - |50]ever 127 33.0m
v
kA
i
i
(322 5’,1, 50| - |- s60m
’ﬂ;
2 | it
& o) i W o |so| - |- 139.0m
5 i el 2
2 |Grey very hard clayey  H] &
2 37.5 SILT & shell with finc ﬁéj &
2 sand. i £
& oz §sov - 150 42.0m
: o
vask B (s |- s som
i
&
0 :
D26 EZA ‘ipg 50| - |48.0m
0
563
D2 1.0 WA lsol - |- fsoloy s1.0m
Drawn by : Checked by : SHEET7(2) OF 15 ATTACHMENT - 11
12
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& Khulna by-pass road Soil Profile L3/P13
T T T T T T
f ) Finished Road Surface indluding 1050mm pavement 37795 4ho 4li2g
343 3.355 326 3.403 q
BHS o BHS Original Ground surface |
1.821 . 1.845
BH4 7 =] BHY 7
N BH3 0 637/\ ™ 0615
RL(m)=0.375 ; BH6 : BH10 i
(m) 0.252 3 — : \ 093 — 0.037
o E ' D =
H 1 g % i ]
b 2 H £l
2 = 3 |
q22kPa = 5
P kPa
w367 = : i
5 54 12,12 8K/ 2 ’5" 24% fapkR
5 eim104 i s’ 5wz ]
] ‘Pj'olﬂ 3 ;:;' 1:0 } v_;l;k.\um‘
= Qe339% 12 o 1
g g 3 kPa 17 13KNm" c=0.15
= g fweI0T% - &m0 2 i
é A 1, 129N/’ 12013 2
‘ Pyl - -10-| i
e ¥4
4c~0.14 2
¥ Aiid 2: 2 4
-0 o -10-}
-0 UL 10 -
2 4 -
i 3 J.:
e 1k r : .
i 5L % E
‘& SR e el L
: \277 L] 24 15 \ H b
sl nmm\n '—\m 20 0246 ol oedmo B
— . )
SPr oraeen Location of undisturbed sample
* Lab test : BUET
r E—JOrganicsoil [ZZ7] Clayey silt = Silty clay [Isand ® Lab test: PROSOIL B
18 | ) ! . I 1 | \ [ | . | N | . L :
05 10 15 20 25 30 35 40 45 50
Chainage, km
13
13/P14
Road (Brick soling)
Fig. Schematic drawing showing location of boreholes.
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__ Road level L3/P15

Lightgrey
silty clay

Light brown clay C.=0.16,C, =

80~220

Dark grey clay’,
Clayey silt

W=47%, G, = 2.76, C, =0.39
C,=0.05, g, =1.36, q, =33~57
kPa

14511.0~111:5 kN/m?

Dark grey Clay
Organic

6

4

" = P

" o e e S e SiltyCIay
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Fig.1 Geological profile along the boreholes
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Observation of Water Table

The presence of a water table near a foundation significantly affects a foundation’s
load-bearing capacity and settlement, among other things. The water level will
change seasonally. In. many cases, establishing the highest and lowest possible
levels of water during the life of a project may become necessary.

If water is encountered in a borehole during a field exploration, that fact should
be recorded. In soils with high hydraulic conductivity, the level of water in a borehole
will stabilize about 24 hours after completion of the boring. The depth of the water
table can then be recorded by lowering a chain or tape into the borehole.

In highly impermeable layers, the water level in a borehole may not stabilize
for several weeks. In such cases, if accurate water level measurements are required,
a piezometer can be used. A piezometer basically consists of a porous stone or a
perforated pipe with a plastic standpipe attached to it. Figure 2.21 shows the general
placement of a piezometer in a borehole.

See Fig. on next page

Das/PFE/p.108

21
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TT Vented
cap

Back
fill

Plastic
- standpipe

Impermeable
clay seal

. Perforated
filter pipe
Das/PFE/p.108

Y FIGURE 2.21 Casagrande-type porous
stone piezometer
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For silty soils, Hvorslev (1949) proposed a technique to determine the water
, level (see Figure 2.22) involving the following steps: 5
L3/P18
1. Bail water out of the borehole to a level below the estimated water table.
2. Observe the water levels in the borehole at times
= Casing t=0
Ground water % t=t
o ytable
= t=1t
t=1t
K2 t=1 Note thatt, ~ 0=t — =t — t, = At.
- 3. Calculate Aky, Ak, and Ak, (see Figure 2.22).
X At t=1 4. Calculate
A 2
i AR :
hy= ——t
X t=1, o A =B, . (2.12a)
. AH}
I, b= _ (2.12b)
2 L
A Ak
Y FIGURE2.22 Determination of water levels [Eq. (2.12)] b= e
7 Ay~ Ak @12
5. Plot k, by, and k; above the water levels observed at times ¢ = 0, #,, and £,
Das/PFE/pp.108-109 respectively, to determine the final water level in the borehole.
23

EXAMPLE 2.1

Refer to Figure 2.22. For a borehole, 4, + hy = 9.5m
At=24hr
Ahy=09m

Ahy=0.70m

Ahy;=0.54m .

Make the necessary calculations and locate the water level.
Solution  Using Eq. (2.12),
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A} 07 _ o,
__ Ak o7 ey
b= Ak 0907~ 24

AR 0542

g = —

e

R, — Ak, 07- 054 82m A +

Figure 2.23 shows a plot of the preceding calculations and the estimated water ¥ FGURE 2.3
levels. Note that i, = 5.5 m,

RS
AT _F (not o scale)

Das/PFE/pp.110
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