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rojects: Design & On Site
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Regional Development - NCE

Structures

manmawt ava nat hoilt in

Steely resolve

A steel basement and structural frame
are turning convention on its head at a
residential development in Leeds.

onvention has it that
the basement walls
of multi-storey resi-
dential buildings and
the  supersiructures

ilanas

steel piles,” Haines says, “from
whose pilecap the outer walls
of the building above would

»

This form of construction
ie o firat for o mnlf.storeyv

Unity tower

Tower topper

A new Merseyside landmark is
gradually being unveiled. Dave
Parker reports from Liverpool.

hose lucky enough to
move into the distine-

tive penthouse “pod”
that tops Liverpool's 27

frame.

Steel and concrete are also
combined imaginatively in the twin
towers of the £60M Unity project.

and health and safety issues to
be addressed,” says Donaldson.
“The slab cantilevers out up to
4m, so major temporary works
were needed. We involved the
Health & Safety Executive and
subcontractor Efco as early as
possible, and came up with a
solution that worked very well in
practice.”

Main contractor Laing O'Rourke
took only four weeks to get the
floor ready to take its first pour of
C40/50 concrete, using a grid of
built up plate girders to support
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Central England (& N. Ireland)

- Sherwood Sandstone
» Mercia Mudstone

- Birmingham
- Manchester
- Liverpool

- Belfast



Northern England

- Coal Measures
 Millstone Grit

- Leeds
- Sheffield
- Newcastle



Regional Development
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Scotland

- Coal Measures
 Millstone Grit
- Carboniferous Limestone

- Edinburgh
- Glasgow



Superficial Deposits

» Made Ground

» Alluvial Deposits
- Soft Clays & Peats
- Loose Sands

» Glacial Till/Boulder Clays

- Over large areas of Central & Northern
England, Northern Ireland & Scotland



Foundation Requirements

» High Rise Structures

- High Loads
- Deep Basements

» Usually require piled foundations
» Often need to be founded in bedrock
+ Design requirements:

- Pile diameter
- rock socket length



Pile Design - CIRIA

S, Piled Engineering in
T D 4 Mercia mudstone
" auwt- e foundations

JRRTL e in weak rock

Report 181 Report €570



Pile Design - CIRIA

»
"

PILING IN ‘BOULDER CLAY’
AND OTHER GLACIAL TILLS

Report €504 Report PG5



Rock Socket Design

Overburden

Weak rock L

Qb = fb x As




Rock Socket Design

» Shaft Friction

- Sandstone/Siltstone/Limestone
fs = a UCSP
where a = 0.2 t0 0.375
and b = 0.5 t0 0.6

- Weak Mudstone/Shale
fs = a Cu
where Cu = BN or UCS/?2
a=0.3



Rock Socket Design

» End Bearing

- Sandstone/Siltstone/Limestone
fb = factor x UCS
where factor = 1.5 t0 4.5

- Weak Mudstone/Shale
fb = Nc Cu
where Cu = BN or UCS/?2
Nc=9



Foundation Problems

» Sandstones/Siltstones/Limestones
- Cable tool boreholes only
- Poor rotary core recovery in GI
- Weathering - sandstone to sand
- But generally straightforward

- Pile problems
* How long do rock sockets need to be?
» Can piles be driven or bored to design level?



Sandstone - Short Borehole

Depth Level Water Samples/Tests SPT U106
Legend | (mbgl) | {mAOD)| Level Type Depth N Blows
DESCRIPTION OF STRATA (1 bt mbg) Value

MADE GROUND: Decaying plants and leaf litter. G ()10 - B 0.1¢

MADE GROUND: Brown silty gravelly fine-medium SAND.
Gravel is fine to medium {occasional coarse) sub-angular to

rounded fragments of quartzite and brick fragments. Some 0.70
rootlets. '

MADE GROUND: Loose below approximately 1.00m light
brown and yeilow brown slightly silty gravelly fine-medium
SAND. Gravel is fine to medium sub-rounded to sub-angular
fragments of quartzite and concrete.

- D 0.7¢

S/B | 100 {N=5(1,1,1,2,UD

Illllllllil/lllill/l

lIIlIlIIII{

[ MADE GROUND: Medium dense reddish brown and brown 2001~ SB 200 IN=29(2,2,10,10.4.5)

[ slightly silty sandy GRAVEL. Gravel is fine to coarse angular ]

- tosub-rounded fragments of brick, concrete, quartz and -

[ metal. i

- Soft red brown (yelfow brown in pockets) sandy slightiy e300 |- 5B 1300 IN=8(1.2.3.2.241)

- gravelly CLAY. Gravel is fine {occasional medium}) ]

[ sub-rounded quartzite. (Possible Glacial Drift). ’

- = ) 4.00 60
H420 |- S/B 420 |50/60mm (25.40)

Weak to moderately weak brown fine to medium grained
SANDSTONE. (Recovered as fine-medium sand). (Wildmoor  J | 005
Sandstone Formation). < ¥

/B |5.000 {50/65mm (25,

: S 6.00 50/70mm {25,30)
614 |-

Borehiole Complete

Iililllilllllllll
llJllllIlllllll!lll



‘Sandstone - Short Borehole

Co-ordinates {National): Ground level (mAQD): Method:
EN 16.50 CABLE PERCUSSION
Date: Depth of Hole: Hole diameter: Casing diamneter: Sheet;
04/12/02 to 04/12/02 12.20 150mm 150mm 20f2 Machine Number
Samples & Tests Strata
Depth | No. |Type] &BF Depth | Rduced Description of Strata B T 5 ?;:
{m} W value fm) {m) g '3 z "‘-—zg
8 e e -}t -
8.00-8.45 5Bl 6 | o Very dense reddish brown SAND with occasional angular -
. ravels and cobbles. o -
he LOWER SANDS AND GRAVELS]) o
- o, -
- .-
9.00-9.45 sB| 23 pP4—2%01 7350 :
- Igd}{:g;gm dense reddish brown very silty fine to medium
- {LOWER SANDS AND GRAVELS]
10.00-10.45 sB| 18 HO
11.00-11.45 es| 121 HY  q100] sa0
- Reddish brown silty SANDSTONE, weak to modcratel PR
- weak. Recovered as angular gravel and cobble sized % e %%
- fragments. Yo %%
- [UPPER MOTTLED SANDSTONE] CIRX
17 y p:::o»
12.10-12.20 c |sonmss[ 4 1220] 430 10
- BOREHOLE COMPLETED AT 12.2m.
- 1




andstone - Loss of Core

progress |sample| depth (m) casing | test [samp) instru depth |reduced| legend
datetime | no & depth | type & |/core| If |-ment description (m) level
water depth | type | from to (m) value [range (m)

09/12/04

/| B . P
0800Rrs MADE GROUND: Large road cobble (drillers description). 0.20

4| hMADE GROUND: Sand and gravel (drillers description), s 0-30
MADE GROUND: Very loose dark brown/black silty sand
with a little subangular fine to medium brick gravel.

22.80
22.70

1D 1.20- 1.65
2X 1.20- 2.00

Nil (83

21.45

Soft and firm brown slightly sandy CLAY with a little -
angular fine to medium sandstone gravel. 7
3D | 2.00- 245 1.75 - 2.00m: Firm. 2007 21.00
4x 2.00- 3.00 B

Nil (83

1.90 - 1.95m: Band of brown fine to medium sand. [
Very loose brown clayey SAND with a little subangular fine
to medium sandstone gravel (wet).

2.50 - 2.70m: Band of soft brown sandy clay. 270

\2.57 - 2.62m: Dark grey subangular mudstone cobble. {]
Dense red-brown locally mottled light grey-green SAND.

20.30

5D 3.00- 345
6X 3.00- 3.30

Nil |5 42

7X 3.30- 3.70

8D 3.70- 3.89
9x 3.70- 470

3.40 |5*190

P "Red-brown locally mottled light grey-green slightly clayey
SAND with a little to some angular fine to coarse gravel [
size very weak sandstone lithorelicts.

Zone of core loss, limited recovery. Recovered as
subrounded gravel and cobbles of moderately weak
grey-green and red-brown SANDSTONE.

09/12/04
1700hrs

1.20m 470

10/12/04 10C 4.70- 6.00
0800hrs

Drilling disturbed SANDSTONE? Recovered as red-brown 490

I sand with some subangular medium gravel size sandstone [
Jlithorelicts.

mmldaderately weak and moderately strong red-brown
| SAND _ ghboaloc ~ oca medium coa

subhorizontal irregular rough tight and irregular rough open

fractures.

5.10m: Subhorizontal irregular rough open fracture with up

to 10mm sandy infill.

5.33m: 20° planar rough tight fracture.

542m: Subhorizontal iregular rough open fracture with up

to 10mm sandy infill.

5.80m: 20° irregular rough open fracture.

6.70m: Approx with occasional gravel size dissolution
pockets.

6.80m: 45° irregular rough tight fracture.

6.95 - 7.00m: Subhorizontal open fracture with sandy 740
gravel infill.

\7.30 - 7.40m: Mottled light grey-green. [
Very stiff red-brown slightly sandy CLAY with extremely
closely spaced randomly orientated fissures.

Continued Next Page {8.00}

e 6.00- 7.30 6.00 gl

12C 7.30- 8.80 15.60




Foundation Problems

* Mudstones
- Poor rotary core recovery in GI
- Weathering - mudstone to clay
- Identification of missing core

- Pile problems
» Smear of rock socket shaft
» Sedimentation of slurry/spoil at base
* How to deal with hard layers over soft?



Mudstone - Poor Recovery

Drilling _ |Core Strata
Depths Depth | Recovery | Length | R.Q.D. |Fracture
of 1 " Description Level
Core hun | Cosed [T Win | x| index | Geners beta) pepth | Leaend ®
_ \ - ] 8.00 17.06
As on preceding sheet —
’_._— —
9.00 . 900 " 16.06
. (NO RECOVERY)
0Ty
0(s)
10.50 . ) 10.50 14.56
o Weak to moderately weak, sub-horizontal and
grey occasionatly stained sub-vertical
red brown, very thinly to discontinuity
— | thinly bedded silty surfaces, smooth and
i MUDSTONE. clean.
57(T) 10.09 |0 26 :
25(s) }0.02
12.00 )
i : Mainly sub-horizontal
fractures, smooth and
clean.
45(¢T) |0.13 |9 17
32(s) {0.01
13.50 | . 13.50 11.56
i ) Weak becoming moderately Grey zones 0.20m
weak, red brown and grey, thick. Fractures are
thmly to medium’ ed clean, smooth or rough.
— MUDSTONE. ' .
73(T) 10.10 |6 27
34(S)y (0.02
15.00-
47(T) |0.08 |O 21
14(s) |0.01
—t 16,007 9.06




Mudstone - Better

Recover

Eram 0 fm)

- E| 0
[ j c o T4 ,
™ - !
[~ 1 - 1 /]
~ it 460 =iy’
~ Brown SAND and GRAVEL. (Drillers - 2 A
N - description) ] ° e
- = et
N ] {1.10) ‘; 1o
- ] e i P4
- ’ t e B / |
— . - o «*+ - 4
r . — 570 e
~ 08/05/2005 Red MARL. (Drillers description) . ©) T —
- : . : 6.00 '
~ Stiff red brown CLAY with frequent very - — /
[ stiff {o very weak fine to medium gravet N R
- size lithorelics. i f
N {Salop Formation) ] (o0) — —
2.007.30 Flustc 8.05.7-0 .
. j 7
1 — - — 1 700 E— / _
- | Very stiff green and red brown CLAY with - - — /
t frequent very stiff o very weak grave! 7 ]
B - size lithorelicts. - .
o - (Salop Formation) . ©s0) | __ /4
F . 3 750 | /
—  730:8.00 Flush; 7.30-8.80 Moderately weak to moderately strong — kxx xx o
» 100 % laminated green muddy SILTSTONE. @40 prxxxs
- . (Salop Formation) A B30 I | A
| | Very weak fo weak laminated green -
o MUDSTONE. Very closely to closely 7 A
N fissured. ’ 4
a (Salop Formation) ]
- ] (1.65) /
u . .
97 3 -3 ! s
- ‘ Flush: 5.20-10] - /
[ emnx | & .80 t0l30 3 /
- : e ———————= 4 985 . __ //
| Depth Bl r Records/Samples &,?,g e | swatum continues to 10.75 m
Groundwater Entries Depth Related Remarks * Chiselling
Depths(m) Time  Tools used
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Mudstone - Comparison

145/190
259/87

225/100
93

95

121

257/95
250/90

125mm

open

0,07 As Built

150mm

core

— 25

— 20

10
2
_

— 10




Mudstone - Poor Descri

Run Details

Strata

Run No

Date
Depth

TCR
Red

(SPT
Fracture
Spacing

Depth Reduced

Level

tm) tm1

Description of Strata

Geulogy

fegend

Water

M
$a

"9

100

-100

94

100

-100

93

Fr

60y

v

10 50

smooth. 9) C/S O-Q_j MPQ\

VO S

170y

¥~

Red brown with occasional fine gravel size pale green
reduction spots, fine grained thinly bedded/thick[s:
Jaminated. moderately weathered MUDSTO\E
we to medium spaced horizontal, planar, smoo t

ults 0. 54 ™ Pa .
\;%)\&Q-P

Red brown with occasional fine gravel size pale green

v micaceous MUDSTONE {weak to

1545

reducnon spots. thinly bedded/ thickly laminated. slightly /

W Tzonial planar, smooth, tight,
ale green, fine grained thinly bedded v 10
oderately weathered MUDSTONE fweak
Red brown with occasional fine gravePstz€ pale green

reduction spots. thinly bedded/thickly laminated, slightly
W iy micaceous MUDSTONE(- weak (3
moderatel\ weak;yMedium to wide spaced, horizonta
g sapnhorzon il planar, smooth, tight.
‘a4 14m with abundant pale green reduction paiches.

U(‘,b AV CUZA

f,\?v@;

\moderaer) weak JMedium to wide spaced, horizontat®
p

028y

15.76

Pale green. fine grained thinly bedded . 10

1 llLLlll»;llllllll!‘hllllllllhl IllL”Ihl.lllllllt:lill lllll}_‘]llIllllllolllIlllll!‘m7

040y

moderately weathered MUDSTONE £weak,
Red bro“ n hne grained thinly beddeﬁ.s!-rgm\ weathered

RO o o o o o o o g L i R A R I SRR I S SRR R T i o e T et o e L R Gk

AN NERI0NEN00NNARANNGANNGIARASARUASANRA0SNAORNGAINSUASHRSNARAARARANAARANNAUEENNNINCERENNNSARARENINNNELS!

(Makiddisshdaddbanasdsaasnassdddassisdasdsadisdadsdalsdassldabddsdsinsdanhinansddansbsacdassbssnssdanssnndshdannnas
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Foundation Problems

» Coal Measures
- Mix of sandstone, siltstone & mudstone
- Usually highly variable

- Added problem of layers of coal, old
workings or even voids



CIRIA Guidcme

Report SP32



ine

M

Workings

Leng-continuing
small subsidence

“No

subsidence

]

Very soft

Unworked seam

Subsidence
complete

Collapsed
overburden
Stowage



Rotary Core - Poor Description

Drilling Core Strata
Oep;hs Depth Recovery { Length | R.Q.D. {Fracture Description Level
o : Max ;
Core Run | Cased [ ToRaMD b e Index | General Detail Depth tegend o
: Solid(S)
. ) : 8.00 _ 117.92
: As on preceding sheet: . g
51(T) {0.10 }13° |18 R : Sub-horizontal bedding
27(s) |0.0%: plane ‘breaks, smooth
' and clean.
Q.00 4 - ) —
. Top of 9.00m run
non-intact - structure
not preserved,
37¢1) [0.14 {9 29
15(s) }0.01
) - 10.20 15.72
. Weak and moderately weak, Occasional
10.50 : ' Jvery thinly to thinly sub-horizontal bedding
i ‘bedded, red brown and plane breaks, smooth
grey,silty MUDSTONE. and clean.
33(1) {0.07 ;0 Occasional
10(¢s) |(0.01 sub-vertical {oints,
stepped and clean.
N
. N
12.00 ———N13.92
Moderately weak to “Poorly recovered - i 3 oo x N
moderately strong, very desgnftnon may not be xxxxx §
- thinly to thinly bedded typical of whole run. uun§
Light grey, sandy SILTSTONE. ;:;;;;§
38(1) {0.18 |23 Y10 FEEEEN
: 27(s) [0.03 | Hoolepodod \
- Occasional . —fexxxxx
sub-horizontal bedding N
plane breaks, xxxxx N
irregular and clean. speedeps
13.50 - 13.50 kxxxxx{\12.42
: Weak, moderately weak and Few sub-horizontal :
occasionally moderately bedding plahe breaks,
strong, thinly to medium smooth and clean. N
— bedded, grey and red brown,
silty WUDSTONE and
53(T) [0.28 |38 LTSTONE. v \
39(s) 10.02
N
. 15.00 o o :
. o : . Top of 15.00m run \
’ non-intact. N
N
67¢1) {0.28 |31 |18 : : S 15.75 e\ 10.17
40(sS) |0.01 Modergtel{ weak, . Sub-vertical joint XXX X X )
— occasionally moderately . | above 16.50m, 16.00 o x x x X X LN 0.92




Foundation Problems

* Glacial Till & Boulder Clay
- GI sampling and testing very difficult
- Often only SPT data possible
- Conflict between insitu & laboratory
- How to determine shaft friction?



Glacial Till - SPT vs QUT

Undrained Shear Strength Cu (kPa)
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Pile Test - Load vs Se’r’rlemen’r

Displacement [mm)
0 _

LOAD DISPLACEMENT DIAGRAM

10 | I
!
0
20 b Mo~
s %I
0 | Ak |
5 F
- e |
Y2
P ™
50 L ‘j--?JH
/Zm
60 1‘8'-
"9t
70 4L
%4,0
80 ! : i : . i "
0 400 800 1200 1600 2000 2400 2800

CHRIS RAISON ASSOCIATES

LOAD [ kN ]

© Copyright KGF 20

06



Pile Test -Back Analysis

Displacement [mm] LOAD DISPLACEMENT DIAGRAM
0 5
T — |

10 1 \\\ -

20 - \ J

30 - \ CEMSOLVE \

, ANALYSIS

40 L | X = Input Data 3
Ds = .Bm
Db = .6m

50 L Us = 2208 kN "
Ub = 409 kN
Lo = 7.5 m

60 = Lf = 15.5 m X gl
Ms = .008
Eb = 50000

70 1 Ec = 4E+07 -
Ke = .45

- ——-— Base —— — Elastic shortening

0 400 800 1200 1600 2000 2400 2800

CHRIS RAISON ASSOCIATES LOAD [ kN ] @ Copyright KCF Ltd



Foundations for High Rise

* London Development
- Pile loads usually large
- Good pile performance required
BUT
- Ground conditions relatively simple
- Site investigation has few difficulties
- Easy to establish soil & strength profile
- Pile foundations generally straightforward
- Effects on ground understood



Foundations for High Rise

* Regional Development
- Pile loads usually large
- Good pile performance required
BUT
- Ground conditions often more complex
- Often weak variable rock or Glacial Till
- Site investigation has major difficulties
- Require high quality core
- Establishing ground profile is difficult
- Establishing strength profile is difficult



Foundations for High Rise

* Regional Development
- Piling works are more complex
- Can piles be installed to required depth?
- Does piling affect interface properties?
- Design calculations are the simplest task





