TITAN

:

Standard pile head details

Design and detailing




TITAN micropiles - standard pile head details

In Germany, TITAN micropiles to

EN 14199 (+ DIN SPEC 18539) are
covered by National Technical Appro-
val Z-34.14-209 issued by the German
Institute of Building Technology (DIBt).

The TITAN micropile consists of a
ribbed steel tube and a grout body
made from a cement suspension. The
system is permanently interlocked with
the surrounding soil and is suitable for
tensile, compressive and cyclic loads
in permanent and temporary applica-
tions.

TITAN micropiles are installed...

e as tension and compression piles for
foundations and underpinning,

® as tension piles for tying back retai-
ning structures,

¢ {0 stabilise slopes, embankments
and rock, and

* in tunnelling.

Cement grout cover

Filter cake .

TITAN hollow bar

The pile head - a critical interface
The pile head is the point where the
pile is connected to the structure.
This is generally a critical interface
between two different types of
engineering (structural and geotech-
nical). The design and detailing of the
pile head calls for knowledge of soil
mechanics, the structural analysis

of reinforced concrete and steel and
corrosion protection. For simplicity,
this brochure presents a collection of
standardised pile head details (some
verified) that have proved suitable for
TITAN micropiles, plus a number of
special solutions.

Pile head details

e Temporary excavation shoring

* Permanent anchorages for sheet
pile walls

* Anchorages for bored cast-in-place
pile walls

® Pile heads in plain and reinforced
concrete

* Pile head details for inclined tension
loads

¢ Tying back geotextile nets, wire
meshes and gabion walls

¢ Rock stabilisation without nets



Sheet pile sections

U sections Width: 600 - 750 mm
W,: 600 - 3200 cm3/m

Z sections Width: 580 - 700 mm
W,: 1200 - 5015 cm3m

Bearing/sheet pile Width: 1790 - 2350 mm
combinations W,: up to 30000 cm3/m
== 5 ——— = ————

Allocation of sheet pile wall stiffnesses to micropiles
Elastic section modulus W of sheet pile wall

W< 900cm®m  TITAN 30/11 to TITAN 40/16
W< 1500 cm®*m TITAN 52/26

W< 2000 cm®/m TITAN 73/53 to TITAN 73/35
W > 2000 cm®/m TITAN 103/78 to TITAN 103/51

Information according to test report No. 306043 (Ingenieurberatung Bréggelhof GmbH, Oldenburg)

Z section tied back off-centre without having to flame-
cut the interlock, with HD-PE tube, pile head connection
type 3 (see page 5).

TITAN

Contents
TITAN micropiles

The pile head — a critical interface

Anchorages for sheet pile walls

— Waling on soil side

— Waling along top of sheet pile wall

— Pile head direct on sheet pile wall

— Waling on air side

— Trench sheet as waling

— Standardised ball fitting head detail
for TITAN micropiles

— Standards, directives

— Definitions and load model

— Design example

— Design charts

Pile head anchored in concrete

— Checking local bearing pressure and
punching

— Design example and load model

— Design charts

Examples of applications

Special solutions
— Load stage indicator (LSI)

Accessories

— Easily centred pile head

— Self-centring compensating washer
— Compensating washer adapter

An HD-PE or steel tube to suit the structural require-
ments protects the hollow bar against damage and
corrosion when backfilling behind the sheet pile wall.

(O N0 NG N ENEN N

O © 0o~

—

18
18
19
20
40

46

47




Anchorages for sheet pile walls

Pile head connection types 1 and 2

Type 1 Waling on soil side

Water side

Sheet pile wall

=
=
=
(@]

o
()
8
[

" Hollow bar

i

Soil side
/K‘\\
- I |____..-Wa|ing L/\
iy | Bolt
Water side [J — —
Sheet pile wall ——— '
Protection cap ——— % Cleat to suit Soil side
Hollow bar ———— 50! structural |
Spherical collar nut — | '
Steel ball — | Plate for——
Plate for steel ball —— steel ball 11 |
Additional plate fitted — "
on site to suit structu- Additional—"
plate

ral requirements

Type 2 Waling along top of sheet pile wall

Protection cap

| ——— Spherical collar nut
Steel ball

Hollow bar
HD-PE-tube
Grout

Waling

Plate for steel ball

Sheet pile wall 7 PN

AN

¢ Despite the different pile sizes, pile e |t is important to check how far a
head details covered by a protection protection cap projects so that there
cap appear identical across an entire is enough space for hands and feet
project. around vertical ladders.



Anchorages for sheet pile walls

Pile head connection type 3

Type 3 Pile head direct on sheet pile wall

Sheet pile wall
with Steel ball, Plate for steel ball and
Protection cap (no additional plate)

Projection to allow a
coupling socket to be

attached HD-PE tube

~ y:
Protection cap % / Grout._._..
welded watertight —"] 3
on site \ & R

Spherical collar nut
Steelball .~

Plate for steel U !
Hollow_bar

Sheet pile wall - ] 7

Pile head detail
for Z section sheet piles,

eccentric, with washer plate with
spherical recess

Hollow bar —
Spherical collar nut ]
Steel ball——
HD-PE tube /
Plate for steel ball

Concrete-filled channel
section

/

leection sheet
piles Grout body

Double pile connection in trough without waling
Where anchor forces are low, it can be more economical
to tie back every double pile individually without including
a waling. This special case is permitted by DIN 4124:2012,
“Excavations and trenches”, section 8.6.4.

TITAN

Pile head detail with protection cap

\

Spherical collar nut
Steel ball

Plate for steel ball

When checking the “failure of anchor” load case, the sheet
pile interlock must be able to transfer sufficient tension.



Anchorages for sheet pile walls

Pile head connection types 4 and 5

Type 4 Waling on air side

Spherical collar nut
Washer Plate

22

2 support plates 7
Waling

Cleat —

%

SN

Inclined twin channel waling

Hollow bar 40/16

Spherical collar nut
Washer plate
200 x 200 x 30

Bracket to suit structural requirements

Type 5 Trench sheet as waling

with spherical collar nut + washer
plate with spherical recess

—

N2 2

N SN

Z section

|_Hollow bar

PN,

NN

Spherical collar nut
Steel ball @ 90

Plate for steel ball 220 x 220 x 40

ISP

Cleat to suit structural requirements

NSOSININDN,

B2

|_Sheet pile wall

Grout

with wedge discs + bearing plate

20

~

Hollow bar 40/16
Spherical collar nut q
Wedge discs (max. 3)

Weld to suit structural requirements
(Bayonet) bearing plate ———

|-

/

B 1|

2

\:T/§

A

A

N

S

—

///\\\ /‘
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P

N 3
2 N

&

200/200/30

Cleat to suit structural requirements

S



Anchorages for sheet pile walls

Vet

Standardised ball fitting head detail for TITAN micro-
piles

One of the many applications for TITAN micropiles is tying
back sheet pile walls. In order to obtain a standard solution
for the connection between the micropile and the sheet
pile wall, calculations were carried out for various sheet pile
flange widths and thicknesses, with and without an additi-
onal plate. It was therefore possible to prepare universally
applicable design charts for any type of pile which are not
linked to any particular sheet pile sections.

The first step in the design is to determine the tensile force
Fapie (design value) acting on the micropile. Using the hori-
zontal component Fy,, of the calculated design load and the
actual sheet pile flange width by, and thickness ty,, it is
possible to determine the required sheet pile flange thick-

Types of connection
In principle, the following
calculations can be used
for these three types

of connection:

fied

ec\'\o“

TITAN

con®

ness using the charts.

If the required sheet pile flange thickness is greater than the
actual thickness, the required thickness can be achieved by
attaching an additional plate (see design example).

Standards, directives

DIN 18800 Steel structures

EAU 2012 Recommendations of the Committee for
Waterfront Structures

EN 1993-5 Eurocode 3: Design of steel structures —
Part 5: Piling; German version
EN 1993-5:2007 + AC:2009

EN 14199 Execution of special geotechnical works

— Micropiles

A

Anchor pile head detail with steel ball + plate for steel ball - example
Compensates for angles of up to 45°. Sealing the critical backfilling area behind the sheet piling.

Micropile to
EN 14199

Sheet pile
wall N

Step 1

After installing the pile, cut the
HD-PE tube to the right length and
slip this over the hollow bar. Insert
the tube into the cement grout body.

Step 2

Mount the steel ball and plate for steel
pball. Weld the plate to the sheet piling
all round. Fill the gap between hollow
bar, tube and steel ball with a corrosi-

Protection

cap
Welded all
round

Step 3

Screw on the spherical collar nut
and complete the pile head detail by
adding a protection cap welded on
airtight on all sides.

on protection compound

(e.g. Denso-Fill).

Note: The installation sequence can vary depending on type of pile and site conditions.



Anchorages for sheet pile walls

Definitions and load model

The sheet pile flange thickness required to carry the actual
design loads can be read off directly from the charts on the
following pages.

U-section t Z-section

The charts are not dependent on type of sheet pile wall or
rake of pile.

plate T Dimensions of _
additional plate
Spherical collar nut \\ Spherical collar nut N\ . H O
\Steel \ Steel |B)— Steel packing
all bal 7
5| o TITAN ... sl o Lt it _
-d%u -C; R = mﬂio - JDg é e ‘ bflange
| Additi ™ Additi
Plate for itional plate Slate for Additional plate
¥
steel ball steel ballZ
U-section Z-section
Drange  Sheet pile flange width [mm] Fipile characteristic load in direction of hollow
Dpate width of plate for steel ball [mm] steel bar [kN]
tiange sheet pile flange thickness [mm)] Fapie design load in direction
toiate thickness of plate for steel ball [mm] of hollow bar [kN]
t U sections: t = {66 + tada plate Fan horizontal component of pile force [kN]
sheet pile flange thickness + additional plate D outside diameter of anchor [mm]
thickness (if required) H height of additional plate

Z sections: t = tauq prate
additional plate thickness

Load model: local load transfer to sheet pile wall

Sheet pile wall (section)

Plate for steel ball
Additional
plate

ttota\

Sheet pile wall
(section)

‘ Foie l

‘ bﬂange ’

Equivalent structural system

7 —
dSteeI ball \
7 bﬂan ge d

ttotal = tp\ate + tadd.plate + J[ﬂange

H = height of plate for steel ball + (2 x 50 mm)

For the detailing, make sure

the ball fitting protrudes

through the plate for S
steel ball (S)

Steel ball

Plate for steel ball

Hollow bar S [mm]
TITAN 30 5
TITAN 40 5
TITAN 52 5
TITAN 73 22
TITAN 103 35




Anchorages for sheet pile walls
Example with micropile TITAN 40/16

TITAN

Load-carrying capacity of pile connection depending on material thickness t and
flange width by, Of sheet piles

U section Z section

Additional plate: S 355 JO

\ tadd.plate= T = thange [mm] (U sections)
\@LW 40 40 tadd.plate = L [MM] (Z sections)
g;?le' \q Sheet pile flange S;?Ie' % Sheet pile flange Height H = height of end plate + (2 x 50 mm)
o7 =L W steel packing 7 mm weld all round
% ° o F % { 2 E Sheet pile trough completely filled
N e = pe_ S8 Hﬂj‘h:ﬁf—'——ﬁ—p"ec:’ Steel packing for Z sections chosen to suit
‘ Additional plate o 7| Additional plate requirements
- &l
Kj 7 a = angle with .
Plate for L/ = Plate for steel ball = respect to horizontal  Plate for steel ball: S 355 JR
steel ball 0° < < 45° 220x 220 x 40 mm
/%J ¢ ) 7 mm weld all round

%

Sheet pile steel grade: S 270 GP (op 4 = 245.5 N/mm?2)

000 T T T 1
500,0 Material thickness required [mm]
t= 60
450,0 o \\ S
426,0 e < TITAN 40/16 Ry =X < -
400,0 { — e - - | t= 50
Z AN AN
X L. N N S o
350,0 { — AL 4
324,7 % ‘\\ N ‘q/ N N ~. t= 45
30001 8 . - - ~
x N\ N \\ ) ~ N 4
250,0 A 5 M N . \\‘ T~
L N N N y N S,
200,04 I O ~ 1
3 NN T SN < t=12 ~ =~ t= 35
150,0 { - IR Loyt B RN IR T
Sheet pile flange only > _ T 7| t= 10 e T4 t=30
100.0 1= f f f i -- ::ig = IR
Pile force without additional plate N TTot=25
50,0 ——
i i ' iti iblel
00 ‘ Agrefa the vyeld|ng pararqqters vy|th the1 Weld|qg auth}orltles ‘respon}&ble. ‘ Flange thickness by, [MM]
220 230 240 246 250 300 350 400 450 500
Design example
Given values Design
Sheet pile section = L602 (Larssen) from chart 40/16 (see above):
tiange =8.20 mm with
Driange =246 mm Priange =246 mm
Steel grade S270GP Fan = 324.7 kKN
Micropile = TITAN 40/16 — required: t =25 mm (next higher line)
Pile rake a =30°
For U section:
Internal forces (design values) tagapate = T~ Thange =16.8 mm
Fd,pue =YX Fk,pile =375kN
Fan = Fapie X COS (@) = 324.7 kKN Selected:

where y. = partial safety factor for actions

additional plate with 44 e = 18 mm, S 355 JO



Anchorages for sheet pile walls
TITAN 30/11 micropile

Load-carrying capacity of pile connection depending on material thickness t and flange width by, of sheet piles

10

U section Z section Additional plate: S 355 JO
\ tadd.plate: t- tﬂange [mm] (U seCtionS)
\@g 20 20 tadapae = T [MMY] (Z sections)
S;?Ia \Q‘ Sheet pile flange S;?Ie' | 1Nl Sheet pile flange Height H = height of end plate + (2 x 50 mm)
N\ =" I steel packing 7 mm weld all round
Y 3 i Z Sheet pile trough completely filled
sl o (i Fpi\e S o el | Fp\le ¢ : f
S N B — - & S R | e Steel packing for Z sections chosen to suit
/“Q Additional plate 7| Additional plate requirements
I &
& 7 o = angle with
[N N H
Plate for M Plate for L respect to horizontal Plate for steel ball: S 355 JR
steel ball steel 0° < <45° 220 x 220 x 40 mm
/%J [ 7 mm weld all round
Q
Sheet pile steel grade: S 270 GP (o, 4 = 245.5 N/mm?)
2100 1 T T 1
250,0 Material thickness required [mm]
~< —_ —R—————— k- —————t——————- t= 40
230,0 N = N
- N, \‘“\ ™~ - N N
210,0 + g o <K < -
0001 =T 195.0 kN - TITAN 30/11 Ryg4
: 3 < -
= \ \ N
2 NN N t= 12 N, t=35
1700 © N N N .
><_ ~ \ \\ N N,
1500 | £ AN t= 1 . Sl
u° NS N S
13007 TS =10 <
5 N ~. <. Ct=30
1100 + = - oo S
Sheet pile flange only RIS -d.
90,0 S -~
t=8 -
Tt=25
70,0
Agree the welding parameters with the welding authorities responsible!
50,0 9 1 9 P 1 | 1 | 9 1 | P 1 | Flange thickness by,.ge [Mm]
220 230 240 250 300 350 400 450 500
Sheet pile steel grade: S 355 GP (o4 = 322.7 N/mm?)
260,0 ‘ ‘ ‘ ‘ ‘
Material thickness required [mm]
240,0
' — = —— —————em e —— — - = 40
N N T="T2 \ N T T tt= 35
AN ~ < N
220,04 _. N N \ AN
b N\ N . N
=, N AN \ N,
200,0 1+ - t=—11 -
4 & —+ 195.0kN — TITAN 30/11 Ry 4 N
o N N
180,0 + © A - > -
o \ N, . N,
= N . t= 10 N ~.
160,0 + 1° - <. =30
||£_ \\ \ \.\ N N
140,0 1 ,° =
Sheet pile flange only \x\ =9 N
120,0 : .
t=8 RN
100,0 Tt=25
Agree the welding parameters with the welding authorities responsible! .
80.0 "9 | g perel ! | e  1osPo | Flange thickness byange [MM]
Y 220 230 240 250 800 350 400 450 500



Anchorages for sheet pile walls m

TITAN 40/20 micropile T I TA N

Load-carrying capacity of pile connection depending on material thickness t and flange width by, of sheet piles

U section Z section Additional plate: S 355 JO
\ tadd.plate: t- tﬂange [mm] (U SGCtionS)
\@LW 40 40 tadapae = T [MM] (Z sections)
E;?Ie' \q Sheet pile flange Sgﬁe' | Sheet pile flange Height H = height of end plate + (2 x 50 mm)
o7 =’ Il steel packing 7 mm weld all round
& & 2 Sheet pile trough completely filled
& 8 R — FD“E _ SO . § (7 = | I:pile? . . X
S|y Hit ‘ — S +ﬂﬁ77ﬁ = — Steel packing for Z sections chosen to suit
/“Q Additional plate ? 7] Additional plate requirements
' &l
Kj 7 a = angle with .
Plate for L/ = Plate for = respect to horizontal Plate for steel ball: S 355 JR
steel balll steel bal 0°<0.<45° 220 x 220 x 40 mm
/%J U s 7 mm weld all round

%

Sheet pile steel grade: S 270 GP (op 4 = 245.5 N/mm?)

00 1 T T ]
Material thickness required [mm]
400,0
S - - =t t= 60
S ~ N 4
N N e N, ~
350,0 | —— N s : =
T T TITAN 40/20 Ry, - < — — 323.0kN =
300,0 1 =, NI N AY N . _ S
3 RN - " : "~
k73 A SN S N, N
2 4 ~ . ~
%0078 NI N : =40
X N AR AN N N
2 > N N . Sl
20001 & NN S 8 =
N N ~ . Tl
Lh \~~ N \\\\ t= 12 S ~.d t= 35
. . . ~
1500 1 = < g I R =
u° N~ AR T ~e -
R T B e "~ t= 30
100,0 - ) el T R0 el
Sheet pile flange only o I N A R t= 25
50,0 S
Agree the welding parameters with the welding authorities responsible!
0,0 : : : : : : : : : : :

L Flange thickness by,nge [MM]
220 230 240 250 300 350 400 450 500

Sheet pile steel grade: S 355 GP (op 4 = 322.7 N/mm?)

100 L
00,0 Material thickness required [mm]
' 5 =TT ——===x — | t=45
:\ AN N = \\\
350,0 > - - S8
N N N N . N S
T= AR TITAN 40/20 Ry4 - —— 323.0kN o
300,0 4 X, A . :
= N N N N N
= N\ ~ N AN
2500 | § S > AN
=< N N AN - t=12 ~ G t= 35
o ~ N ~.
200,0 + = R ~. - ~.
U‘T Sos 4 t=10 N e A
150,0 + 5 — [~ T~ | t= 30
L . ~-. L lt=9 -
Sheet pile flange only =i DR
100,0 = = =25
50,0
Agree the welding parameters with the welding authorities responsible! .
00 9 ‘ ‘ g‘p ‘ ‘ ‘ ‘g ‘ ‘ pon Flange thickness by, [MM]

220 230 240 250 300 350 400 450 500

i



Anchorages for sheet pile walls
TITAN 40/16 micropile

Load-carrying capacity of pile connection depending on material thickness t and flange width by, of sheet piles

12

pile _

Z section
40
Steel ‘ Sheet pile flange
ball\ | . )
‘ Steel packing
F
S O F TH— =] - pile
ESAEN = —

Plate for

U section
Steel\@‘ Sheet pile flange
ball —
N\
f F
_Q=§ {tgﬂt‘»’ — 1
/‘-Q. | Additional plate
7
Plate for /
steel ball

)

A

steel ba

Additional plate

AN i

respect to
0° <o <45°
o ,’/\\

e

Sheet pile steel grade: S 270 GP (o, 4 = 245.5 N/mm?)

~7 o =angle with

horizontal

Additional plate: S 355 JO
tadd.plate: t- tﬂange [mm] (U sectiOnS)
tadd.plate =t [mm] (Z SectiOnS)

Height H = height of end plate + (2 x 50 mm)

7 mm weld all round

Sheet pile trough completely filled
Steel packing for Z sections chosen
requirements

Plate for steel ball: S 355 JR
220 x 220 x 40 mm
7 mm weld all round

to suit

000 1 T T ]
500,0 Material thickness required [mm]
= B - t= 60
450,0 N N . -
T 426.0 kNx—p< X TITAN 40/16 Ry, 4 <
400,0 - AR . < t=50
T = MNP N N
prd L. N N S
350,0 =< AL - R
Ch ‘\\‘ AN N AN AN t= 45
30001 & - N < ~ <
[&] NN ~ ~ S -
x N . -
250,0 1 "o N S ~
' S AN AN N N, ~.t= 40
[y 0N \\ N ~.
2000 { S NN \ N S
< N S~ o t= 12 ~. ~. t= 35
150,0 { L NN o Tyt=n i S Sl
Sheet pile flange only D R S e TTTe-t=30
100,0 - ~{...t=9 Tre—leo
S e A t=25
50,0
Agree the welding parameters with the welding authorities responsible! )
0.0 1 ] 1 | 1 | 1 | 1 | | Flange thickness by,g, [MM]
220 230 240 250 300 350 400
Sheet pile steel grade: S 355 GP (o4 = 322.7 N/mm?)
2900 T T ]
500,0 Material thickness required [mm]
- —— - - e AR T t= 50
4500 N N\ l T SN
: NG N N
+ 426.0 kN TITAN 40/16 Ry 4
400,0 : < - < —
Z O ) : AR ~_ t=45
X N N ~
3500 4 = < - < SR
3 N N \ N ~lt= 40
30001 & - .
o N . \ \ N
> N N~ N ~
2500 1 ‘o S . > > N
g NN \\\ t=12 N ~.L < t= 35
L * ~ . -
2000 1y t=1 . S
3 T~ =10 S T~
150,0 4 1 L ~oo ! S t= 30
Sheet pile flange only ~lo = ~l_.
100,0 1 L e e Y N t= 25
50,0
0o Agree the yveldmg parameters ‘Wlth th‘e weld!ng authormes respo‘nS|bIe.‘ Flange thickness by, [mm]

220

230

240

250

300

350

400 450

500



Anchorages for sheet pile wall

TITAN 52/26 micropile TITAN

Load-carrying capacity of pile connection depending on material thickness t and flange width by, of sheet piles

U section Z section Additional plate: S 355 JO
% tadd.plate: t- tﬂange [mm] (U SeCtionS)
tagapae = £ [MM] (Z sections
5 5 50 sopee = £ IMmM] ( )
E;‘fle' \Q Sheet pile flange S;e”e' ﬁﬁ Sheet pile flange Height H = height of end plate + (2 x 50 mm)
8, ~°. 1 Steel packing 9 mm weld all round
3 3 2 Sheet pile trough completely filled
& Q ar Fm@ sl o afh | Fmb . . )
3 9 Hie — — &5 9 e — Steel packing for Z sections chosen to suit
| Additional plate ? ] Additional plate requirements
— ]
@ 9 o = Angle with .
Plate for L/ = Plate for = respect to horizontal ~ F1ate for steel ball: S 355 JR
steel balll steel bal 0° < < 45° 230 x 230 x 50 mm
/%J ~ s 8 mm weld all round

%

Sheet pile steel grade: S 270 GP (op 4 = 245.5 N/mm?)

750.0 | | | | |
700,0 Material thickness required [mm]
650,0 teeag == e — t= 70
AR N N I T~ -
600,0 = N B
. 565.0 kN4—— T|TAN 52/26 Ry,4 < - < <
550,0 v <
N N N N
N\ =

500,0 { = N N t= 60

é, AN N ~ ~
4500 | = N N >SS §

?8/ N S~ t= 55
40001 § <z

x N S TSa
350,0 z < = =~ t=50

g .
300,0 4 - o ) , . =

I Minimum material thickness for N ~-. .
2500 1 =— sheet pile sections: t = 10 mm S = -
2000 ‘ ‘ ‘ TTee- L T[Tl =40
19007 Agree the weldi ters with the welding authoriti ible! et

ree the welding parameters wi e welding authorities responsible! )

1000 ; 9 ‘ ; 9p ; ‘ 1g ‘ ; P | Flange thickness by, [MM]

240 250 300 350 400 450 500 550

Sheet pile steel grade: S 355 GP (op 4 = 322.7 N/mm?)

| | | | |
700,0 Material thickness required [mm]
650,0 < = = — t= 65

N - ~ s
~ . - ~-~ ~
- S~ ~ Tt e0

750,0

600,0 - ~. N -~

565.0 KN——— TITAN 52/26 R,, e - = >

550,0 1

500,0

450,0 -

400,0

350,0

Fapie X COs(0) [KN]
Ve
7
/
/

T T~ B
Minimum material thickness for -~ T~
25001 S——— sheet pile sections: t = 10 mm BT T~| t=40

300,0 +

/
li

200,0 EEbES S

150,0

Agree the welding parameters with the welding authorities responsible! Flange thickness by,.g, [mm]
240 ‘ 250 ‘ 300 ‘ 350 ‘ 400 ‘ 450 500 550

100,0

13



Anchorages for sheet pile walls
TITAN 73/53 micropile

Load-carrying capacity of pile connection depending on material thickness t and flange width by, of sheet piles

Additional plate Additional plate ments

U section Z section Additional plate: S 355 JO
\ tadd.plate: t- tﬂange [mm] (U seCtionS)
\@LW 20 70 tadapae = T [MMY] (Z sections)
ﬁ;‘ﬁe' EQ‘ Sheet pile flange S;ﬁe' _ Sheet pile flange Height H = height of end plate + (2 x 50 mm)

N\ =" MW Steel packing 9 mm weld all round
8 ° o F g | ‘ 7 F Sheet pile trough completely filled
L%’ @ (EEED ple. 55 § +ﬁﬂ“ﬂ77jﬁ’*'7'4’—p‘le(:’ Steel packing for Z sections chosen to suit require-
|

Plate for Plate for respect to horizontal

steel ball 0° <L <45° 260 x 325 x 70 mm

steel ball
/% . s 8 mm weld all round

%3

L/@ .9 o= Angle with Plate for steel ball: S 355 JR

)

Sheet pile steel grade: S 270 GP (o, 4 = 245.5 N/mm?)

950,0
0000 | Material thickness required [mm] - s
850,0 R LN = e —~
el S~ ~ .
800,0 NN — > = S
— 7820 kN— TITAN 73/53 Ry N : < >, =
750,0 - ‘ - s - e
N L

700,0 1 = N -

< N . ~| S t=70
6500 { = N ~a \ ~
600,0 | S < T~ -

o . N ~ S+ t=65
550,01 O . ~L

X N h N >~ \
500,0 1 "o <

3 \ AN S~ t= 60
450,0 4 1© N ~ T~

: .. ~. ~d_
400,0 = g <t ~<t=5

4w L . ) . ~.
3500 Minimum material thickness for S N~ - s
30001  ——— sheet pile sections: t = 10 mm TR< =12 N
250,0 - T -] - t= 45
o e
150,0 —— Agree the welding parameters with the welding authorities responsible! X
100,0 \ | \ | | | | | | | | Flange thickness by,nge [MmM]
280 300 350 400 450 500 550 600

Sheet pile steel grade: S 355 GP (o4 = 322.7 N/mm?)

950,0
900.0 Material thickness required [mm]
' — - - t=75

850,0 A B - =
800,0 N ~ i < =70
— 782.0 kN— TITAN 73/53 Ry
750,0 :
700,0 -
6500 1 = S :
X ~ N S .
600,0 1 = - ; - ~
550,0 1 & :
o] ) B -
5000 1 © . ~. S
X N . N
a
3

450,0 - .
400,0 4 1° AT =
350,0 1 . ———— Minimum material thickness for e T~ -
300,0 4 £ sheet pile sections: t = 10 mm = - e

250,0 1 S
200,0

150,0 +—— ,
100,0 | Flange thickness Dy,40 [mm]
280 300 350 400 450 500 550 600

Agree the welding parameters with the welding authorities responsible!
| | | | | | | L | L

14



Anchorages for sheet pile walls
TITAN 73/45 micropile

IscHEBECK |

TITAN

Load-carrying capacity of pile connection depending on material thickness t and flange width by, of sheet piles

U section Z section
e L
E;?F \@t Sheet pile flange S;?Iel ‘ ﬁ Sheet pile flange
=8, | & ']/ Steel packing
) , g g F.
58 === Jg aNfEe—iFue
/“Q Additional plate o ? 7| Additional plate
I &l
KEQ L9 o= Angle with
Plate for L/ Plate for respect to horizontal
steel ball 5 steel bal 0° < <45°
A &

%

Sheet pile steel grade: S 270 GP (op 4 = 245.5 N/mm?)

1.150,0

Additional plate: S 355 JO
tadd.plate: t- tﬂange [mm] (U SectiOﬂS)
tadd.plate =t [mm] (Z SectiOnS)

Height H = height of end plate + (2 x 50 mm)
9 mm weld all round

Sheet pile trough completely filled

Steel packing for Z sections chosen to suit
requirements

Plate for steel ball: S 355 JR
260 x 325 x 70 mm
8 mm weld all round

1.100,0

|
1.050,0 F=TITAN 73/45 R4 N N

1.000,0
950,0

Material thickness required [mm]

1059.0 kNT

900,0 -
850,0
800,0 -
750,0
700,0
650,0
600,0 -
550,0
500,0 -
450,0
400,0 -
350,0 -
300,0

Fapie X COS(a) [KN]

Minimum material thickness for
sheet pile sections: t = 10 mm

250,0

200,0
150,0 -
100,0

=40

t= 40

Agree the welding parameters with the welding authorities responsible!
L | L L I L L

280

300

350

400

Sheet pile steel grade: S 355 GP (op 4 = 322.7 N/mm?)

450

500

550

600

150,0 | |
100,0 ‘ ‘

Material thickness required [mm]

A A

050,0 TTITAN 73/45 Ry,
.000,0 4

950,0 -
900,0 -
850,0

|
1059.0 kN

80

75

800,0

=70

750,0 -
700,0 -

650,0 4
600,0 4

65

60

Fapran X COS(a)) [KN]

550,0
500,0 -

450,0 -

55

Fdh

400,0 -
350,0

I— Minimum material thickness for

50

Flange thickness by,qge [MM]

sheet pile sections: t = 10 mm
300,0
250,0

= -4 t=45

200,0

=40

150,0

100,0

280 300 350

Agree the welding parameters with the welding authorities responsible!

400 450

Flange thickness by,qqe
550 600

mm|
500

15



Anchorages for sheet pile walls
TITAN 103/78 micropile

Load-carrying capacity of pile connection depending on material thickness t and flange width by, of sheet piles

U section Z section Additional plate: S 355 JO

\ tadd.plate: t- tﬂange [mm] (U seCtionS)
\@g 70 70 tadapae = T [MMY] (Z sections)
ﬁgﬁe' \Q Sheet pile flange S;ﬁe' _ Sheet pile flange Height H = height of end plate + (2 x 50 mm)
nI3 R 13 7 Steel packing 13 mm weld all round
g 2l | Z a, = 12 mm is possible for F5 4 < 1080 kN
§o g Foe. & o ariHom—=—=—=ifoe Fill sheet pile trough letel
a5 EiiE ‘ S| 2| HiHe ‘ ill sheet pile trough completely
/‘-Q. Additional plate ‘ Z| Additional plate Steel packing for Z sections chosen to suit
- requirements
h3 13 o = Angle with
N N
Plate for / Plate for ! respect to horizontal
steel ball steel balll 0° <o <45° Plate for steel ball: S 355 JR
/%J ¢ ) 310 x 400 x 70 mm
le 13 mm weld all round

a, = 10 mm is possible for Fg 4 < 1080 kN

Sheet pile steel grade: S 270 GP (o, 4 = 245.5 N/mm?)

1.750,0
1.650,0 —
= < = T
1.550,0 - ~ : = EES
1.450,0 . : =
1 TAN 103/78 Ry 4 ~ - - =—~— 1.413.0 kN
1.350,0 - ' \ .. ~.
1.250,0 -
1.150,0 -
1.050,0 -
950,0 |
850,0
750,0 -
650,0 { <—
550,0 +  ———
450,0 —
I N "= Ty
350,0 ‘ i i i — S
250,0 - Agree the welding parameters with the welding authorities responsible! 777 —-- e t= 40

150,0 \ \ | \ | \ | Flange thickness by [MM]
330 350 400 450 500 550 600

Material thickness required [mm]

=00

+=00

—

Fapran X COs(ar) [KN]
/

| Minimum material thickness for N, T o =60
I sheet pile sections: t = 10 mm Y }

Fq

Sheet pile steel grade: S 355 GP (op 4 = 322.7 N/mm?)

T T
Material thickness required [mm)]

1.750,0
1.650,0 —_— L =o0

1.550,0 I~ S S =~
~ \‘ ~ N =~ ~ -
1:::2:2 T TITAN 103/78 Ry S ‘ —~ ) —~ AN —
1.250,0 +
1.150,0 -
1.050,0 +
950,0
850,0
750,0 A
650,0

Fapran X COS(0t) [KN]
/
/

/

< Minimum material thickness for I I
550,0 +  — sheet pile sections: t = 10 mm >~ . S v
450,0 S -

350,0 i ST
250,0 +—
150,0

~[t=40

Agree the welding parameters with the welding authorities responsible!

‘ Flange thickness by, [MmM]
330 350 400 450 500 550 600

16



Anchorages for sheet pile walls m

TITAN 103/51 micropile TITAN

Load-carrying capacity of pile connection depending on material thickness t and flange width by, of sheet piles

U section Z section Additional plate: S 355 JO

\ tadd.plate: t- tﬂange [mm] (U SGCtionS)
\@LW 70 20 tadapae = T [MM] (Z sections)
E;?Ie' \q Sheet pile flange S;EI’IG' | Sheet pile flange Height H = height of end plate + (2 x 50 mm)
(213 13 | steel packing 13 mm weld all round
% o o = % B 2 E a, = 12 mm is possible for Fg 4 < 1080 kN
S5 HE — e & g Hﬂj‘ﬁ:ﬁ* = ple— Fill sheet pile trough completely
| Additional plate ‘ % Z/] Additional plate Steel packing for Z sections chosen to suit
> . requirements
@3 .13 a = Angle with
Plate for L/ Plate for respect to horizontal
steel ball steel ball 0° < <45° Plate for steel ball: S 355 JR
/%J ¢ ) 310 x 400 x 70 mm
le 13 mm weld all round

a, = 10 mm is possible for Fg 4 < 1080 kN.

Sheet pile steel grade: S 270 GP (op 4 = 245.5 N/mm?)
2.700,0 -
2.600,0 Material thickness required [mm)]
2.500,0 I _
2.400,0 L e SR S T
2.300,0 . N So
51000 T TITAN 103/51 Ry : . : < e =

N A . ~ Sl

15000 NN " AN SR B
1.800,0 1 . : s

1.700,0 4
1.600,0 -
1.500,0 -
1.400,0 -
1.300,0 4
1.200,0 -
1.100,0 -
1.000,0 -

900,0 1 ,°  Minimum material thickness for e el TN t=T0

?88*8 1 sheet pile sections: t = 10 mm -

600,0 1 | | | | S N )
288:8 1 Agree the welding parameters with the welding ) T I A b REE TN t= 50

300,0 +— authorities responsible! =r=-- S ——
—--—[t=40
200,0 . : L I , ,
330 350 400 450 500 550 600

Flange thickness byyge [MM]

T

N

an = Fapran X COS(a) [KN]
/

Sheet pile steel grade: S 355 GP (op 4 = 322.7 N/mm?)
2.700,0

2.600,0 - Material thickness required [mm]

2.500,0 - —
2.400,0 N == == —
2.300,0 N s == e t= 100
220004 TITAN 103/51 Ry, - A . — 2.173.0 kN—
2.100,0 : - — - >

2.000,0 e S >
1.900,0 : >
1.800,0 1
1.700,0 1
1.600,0 -
1.500,0 -
1.400,0 -
1.300,0 -
1.200,0 -
11000 4 1 -d =70
1.000,0 1 L , , :

900,0 { ,3- Minimum material thickness for . S - B

800,0 1  — sheet pile sections: t = 10 mm el —
700,0 +— N - t= 60
600,0 B e

500,0 el e
400,0

300,0 +— Agree the welding parameters with the welding authorities responsible!

N . N {t=90

3 ~t= 80

Fa,pran X COS(0r) [KN]
/

PR-2Y
=50

200,0

330 350 400 450 500 550 600
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Pile head anchored in concrete
Checking local bearing pressure and punching

Design charts based on standard calculation

Where pile heads are anchored in concrete (local load trans-
fer), it is necessary to check that the relevant pile forces are
transferred to the foundations. This work includes checking
the local bearing pressure according to the relevant codes
of practice (e.g. EN 1992-1-1 in conjunction with EN 1992-1-
1/NA).

The dimensions of washer plates and the bearing pressure
on the concrete under washer plates have been verified for
concrete with a cylinder compressive strength f,, > 20 N/
mm2 within the scope of the approval procedure.

As this situation occurs frequently, these analyses have
been carried out for TITAN micropiles in a standard calcula-
tion (SIGMA KARLSRUHE GmbH).

The design load F, is already known from micropile desi-
gns to EN 1997-1:2009-09 and EN 1997-1/NA:2010-12 /
EN 14199:2012-01.

The embedment depth h required for each TITAN micropile
can be read off the following charts depending on the
design load F,, the concrete strength f,, selected, the
amount of reinforcement ag and the local bearing pressure.
The partial safety factor y,, = 1.15 on the resistance side has
been taken into account in the standard calculation and the
charts.

The minimum embedment depth depends on the system
dimensions (minimum embedment length of sleeve and
height of spherical collar nut).

The sleeve prevents through-cracks in the grout body
around the soil-structure interface which can be caused

by movement of the subsoil relative to the structure in the
case of fluctuating loads. Protection against corrosion is still
guaranteed. The force transfer within the structure must be
checked by others.

Anchorage of pile head in reinforced concrete slab for tension and compression load cases:

Tension load case
I

Spherical
collar nut | 5
! C
3
Washer plate =
(@]
== £ 8
——) o=
5 @
Q c
- S <5
S S A D
L0
£c|8
dc| AfLro o g
O o > 100 mm
€ o
o

B 4
2o
> Of |
Reinforcement 9 Q% -~
a, to suit struc-? o @ %

tural require- < 0gk ore - Hollow bar

ments

F4 (tension)

In the tension load case the loaded side of the reinforced
concrete slab lies below the washer plate, and so the
average near-surface reinforcement a, must be positioned
at the bottom.

* see National Technical Approval Z-34.14-209 (Annex 4)

18

Compression load case
I

I
ﬁ °
Reinforcement agte suit P==L |
structural requirements A
Spherical collar nut
Washer plate
Jo ) E ° AL
S o T ¢
% % 0 20, !
\ : :: D ¢ .
(

> O
—
QQQ::/
2 olo
f
F

4 (compression)

|
c>55mm
n
/‘

Embedment

depth h

Sleeve made from
steel or HD-PE**

Hollow bar

<

In the compression load case the loaded side of the

reinforced concrete slab lies above the washer plate, and

so the average near-surface reinforcement a, must be

positioned at the top.

** |f an HD-PE tube is used instead of a steel tube, additional
reinforcement top and bottom is required according to
National Technical Approval Z-34.14-209 (Annex 5).



Pile head anchored in concrete

Design example and load model

TITAN

The charts on the following pages specify the embedment depth h required
depending on the average near-surface reinforcement selected a, and the
design load F,. The charts have been compiled for a continuous ground slab
taking into account the loading eccentricity for interior columns (B = 1.1)
according to EN 1992-1-1:2011-01 (section 6.4).

* ag: average bending reinforcement on loaded side a; = (8., X 85", a; = 8 =

Design example:
Required:
Given:

embedment depth h
TITAN 40/16 micropile:

- Rug =426 kN

(with Ry = 490 kN; y, = 1.15)
- C 30/37 concrete (plain)

- design load 200 kN

Local load transfer into reinforced concrete slab

(tension load case)

Checking local bearing pressure and punching

. F, [kN] Design load TITAN 40/16 with f., = 30 N/mm2 (C30/37)
a, — reinforcement
required near 5000 } | ey
N ag =40 cm?/m
surface a, = 0 cm#m I
M —o—a, = 3 cm¥m 77 /7 / / /
Permissible local M—>—=a=10cm”m |==ras =30 cm?m 7 7 7
bearing load on | 400,0 +~|—=—a, =20 cm?m []-]
LA
concrete slab —O0—a, = 40 cm?/m ‘
= = = Local bearing press. as =20 cm?/m :
TITAN 40/16 Fy,q // / /
Load at 0.2% ag = 10 cm?/m
f stross 300,0 1 TITAN 40/16 Ry g |, ;
proo CZIIIlIpermiss. range /
| ag =3 cm?m
| A
De3|gglre3|tstance 0o L Example 1 ! /
accor '”lg 0 " | |Tension load | | as =0 cm?/m
approva case I
T
100,0 +—{Example 2: /
Compression q{/
load case /
/'l \ v Embedment depth h [cm]
L 0,0 } }
M /0“/ 10,0 20,0 30,0 40,0 50,0 60,0 70,0
embedment depth

8gy

Example 1:
Embedment depth

Tension Load case Fy = 200 kN
h, = 40.5 cm (read off chart)
Example 2: Compression load case
F, =100 kN
Embedment depth h, = 26.0 cm (read off chart)
Local load transfer into reinforced concrete slab
(compression load case)

Checking local bearing pressure and punching

1"
Embedmen
depth h

Breakout cone

[ )

HULL

- / A1
According to EC 2, more

economic than stirrups or

hangers 1|:d

Note:

[

Washer plate

]

M

0

Near-surface reinforcement

R R

Local bearing
pressure

—

- oy - L g
‘P — Embedment : ‘P
e ) Gepinh f—
o :: Breakout 3 Local bearing ::
- cone E pressure -
- - EY \Washer plate e
- - i -

t-

Splitting tensile forces occur beneath point loads. The reinforcement should be designed for the spitting tensile forces and
distributed evenly or curtailed as required. Source: DAfStb doc. No. 240



Pile head anchored in concrete
Design charts for TITAN 30/11 with 100 x 100 x 20 washer plate

Hollow bar parameters

Design resistance according to National Technical Approval: Ry 4 = 196 kN (with Ry = 225 kN and y,, = 1.15)
Fra = 226 kN (with Fg, = 260 kN and yy = 1.15)

Load at 0.2% proof stress:
Min. embedment depth h

Tension:
Compression:

h=13.5cm
h=14cm (A=10cm, B =7.9cm)

F, [kN] Design load, TITAN 30/11 with f,, = 20 N/mm?2 (C20/25)
300,0 ag =40 cm?m
T (A AR --=pee-
as = 30 cm?#m
( / / / Fra = 226 kN
1 i
i /aS =20 cm?/m %
200,0 ' ,,/ _/ 0 ety
I 8= c; " Rue = 196 kN
I 3 —Xx—13a,=0cm¥m
ag =3 cm?m
I —O—a,=3cm¥m
: —>—a, =10 cm?m
—_— = 2 2
| ae = 0 em2/m a, 0 cm2/m
S
I —O—a, = 40 cm#m
100,0 i / — — — Local bearing press.
! TITAN 30/11 Fgy
TITAN 30/11 Ry 4
| CZZZIIlpermiss. range
| Embedment depth h [cm]
00 ! | |
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0
F, [kN] Design load, TITAN 30/11 with f, = 25 N/mm2 (C25/30)
300,0 I TR L
| as =40 cm?m
| I/ |
| ag =30 cm?m
!
|
+ £
| // ag =20 cm?/m
200,0 ' L/ ya
: ag = 10 cm?/m
I / i —X—1a, = 0 cm?/m
| ag =3 cm?m
| —{—a, =3 cm¥m
| —>—2a, = 10 cm?m
| —x—a, =20 cm?m
| ag = 0cm?m
| —O—a, = 40 cm¥m
100,0 i
Zg = = = Local bearing press.
TITAN 30/11 Fgyq
TITAN 30/11 Ry4
/ _ZZZIIlpermiss. range
| |
mbedment dep cm
I Embed t depth h [cm]
0.0 ' 1 1
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0

20



300,0

200,0

100,0

0,0

300,0

200,0

100,0

0,0

TITAN

4 esign load, with f, = mm
F, [kN] Design load, TITAN 30/11 with f 30 N/i 2 (C30/37)
I T T T
| ag = 40 cm?/m
I i o/
| ag = 30 cm?m
I
I
I ag = 20 cm?/m ;
N/ /
| 11 T 7 Z
| ag =10 cm#m
I
| / —X—a, =0 cm?m
I ag =3 cmZm —0—a,=3cmZm
: —>—2a, =10 cm¥m
| ——3a, =20 cm¥m
ag=0cm?m —O0—a, = 40 cm¥m
= = = Local bearing press.
TITAN 30/11 Fig
| TITAN 30/11 Ry
[ZZIIIlpermiss. range
| 7
l Embedment depth h [cm]
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0
F, [kN] Design load, TITAN 30/11 with f,, = 35 N/mm2 (C35/45)
I T T
ag = 40 cm?m
| s = 40 cm?/
-l
: ag = 30 cm?/m
| //
1 .
T miri 7 4
I ag = 20 cm?#m /
bR
: ag = 10 cm?m
[ / —Xx—3,=0.cm%m
: ag =3 cm?m —0—a =3cm¥m
—>—2a, =10 cm#m
I
s — - 2
| ag = 0cm?m =8, =20 cm#/m
/ yd —o0—a, = 40 cm#m
T = = = Local bearing press.
TITAN 30/11 Fig
| TITAN 30/11 Ry
[ZZIIIlpermiss. range
I I
l Embedment depth h [cm]
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0
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Pile head anchored in concrete
Design charts for TITAN 40/20 with 115 x 115 x 20 washer plate

Hollow bar parameters

Design resistance according to National Technical Approval:

Load at 0.2% proof stress:
Min. embedment depth h

RM,d = 323 kN (With RM,k =372 kN and Y = 1.15)

Frg = 370 kN (with Fg, = 425 kN and y,, = 1.15)

Tension:
Compression:

h=15cm
h=17cm (A=10cm, B =10.5cm)

80,0

F, [kN] Design load, TITAN 40/20 with f,, = 20 N/mmz2 (C20/25)
400,0 —r—r
ag = 40 cm?m / /
Ll L
Fro = 370 kN 77
’ 3 ag = 30 cm?/m
i R /A7 AR " R R A R
300,0 Rua = 320 KN // / / / f / /
| ag = 20 cm?¥m
| |
| ag = 10 cm?/m
| S
| —X—3a, =0 cm?m
l / —0—a = 2
| ag = 3cmzm 8, = 3 cm#/m
200,0 | 4 —>—a, =10 cm#m
I / —\—a_ =20 cm&/m
: ag =0 cm?/m —O—a, = 40 cm?m
| — — = Local bearing press.
TITAN 40/20 Fp,,
100,0 , TITAN 40/20 Ry,
;{/ // {2227 7lpermiss. range
| Embedment depth h [cm]
0.0 | | |
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0
F, [kN] Design load, TITAN 40/20 with f,, = 25 N/mm2 (C25/30)
400,0 T
/ ag =40 cm?/m / /
/ A
f rrr i/ {
| ag = 30 cm?m /
| 11
300,0 ! // / / / /
| ag =20 cm?m
)/
: ag =10 cm?/m —Xx—3a,=0cm%m
| / /J —0—a, =3 cm?m
200,0 : ag = 3.cm?m —v>—3a, =10 cm?m
| —>>—a, =20 cm?#m
| : —O—a, =40 cm?m
| ag = 0 cm?m — — ~— Local bearing press.
TITAN 40/20 Fp,
4 TITAN 40/20 Ry, 4
100,0 }
) X [ZZIIIIpermiss. range
I T ;
I
I Embedment depth h [cm]
0,0 ' 1 1
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0
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400,0

300,0

200,0

100,0

0,0

400,0

300,0

200,0

100,0

0,0

TITAN

F, [kN] Design load, TITAN 40/20 with f,, = 30 N/mmz2 (C30/37)
: ag =40 cm2/m / ;{ /
I LL L L
1717 7
| ag = 30 cm?/m
I i /
/A aa /
| as = 20 cm?m
L
: ag = 10 cm?/m
—X—a,=0cm%m
| /| N
| ag =3 cmZm & = s cmym
I —>—2a, = 10 cm%m
| / —=>—3a, =20 cm?m
| a} =0 cm2/m —O—a, =40 cm¥m
S
| = = = Local bearing press.
| TITAN 40/20 Fg4
- TITAN 40/20 Ry 4
n|/ CZIIIIlpermiss. range
L~
| Embedment depth h [cm]
| | |
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0
F, [kN] Design load, TITAN 40/20 with f,, = 35 N/mmz2 (C35/45)
I T T T
| ag = 40 cm?/m
L/ L
! nr 7
| ag = 30 cm?m
: [[ ] _/
ML) 4
I {
)
: a —XX—2a,=0cm%m
| / ——a,=3cm¥m
— 2
: 2 = 3 cme/m —>—a, =10 cm#/m
| / —=—3, =20 cm?m
—O—a, =40 cm?m
as = 0 szlm = = = Local bearing press.
TITAN 40/20 Fr
| TITAN 40/20 Ryq
[i/ CZIIIIlpermiss. range
+/
| Embedment depth h [cm]
l | |
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0
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Pile head anchored in concrete
Design charts for TITAN 40/16 with 125 x 125 x 24 washer plate

Hollow bar parameters

Design resistance according to National Technical Approval:

Load at 0.2% proof stress:
Min. embedment depth h

RM,d =426 kN (with RM,k =490 kN and y,, = 1.1 5)

Fro = 457 kN (with Fyy, = 525 kN and y,, = 1.15)

Tension:

Compre

h=15cm
h=17cm (A=10cm, B =10.5cm)

ssion:

F, [kN] Design load, TITAN 40/16 with f,, = 20 N/mm2 (C20/25)
500,0 1 ;
=40 cm2/m 3
Fra = 457 kKN
I l / /
RM g =426 kN ag =30 cm2/m / /
S —— ey Py A P R ——— A——
400,0 /7 /{_ 7
/ // /| /
// = 20 cmZ/m
(
| 4 /
300,0 | 10 cm /m
I
| = 3 cm2/m —X—a,=0cm?m
: ‘ —{—a, =3 cm?m
—>—2a, =10 cm¥m
200,0 | R =
I as=0 cmzlm —>—a, =20 cm?/m
I —O—3a, =40 cm?m
l = = = Local bearing press.
/ TITAN 40/16 Fq.q
100,0 e =
¢ x~ TITAN 40/16 Ry,
/ {2222 7lpermiss. range
|_— ‘
T Embedment depth h [cm]
0,0
0,0 10,0 20,0 30,0 40,0 50,0 60 0 70,0
F, [kN] Design load, TITAN 40/16 with f_, = 25 N/mm2 (C25/30)
500,0 |
=40 cmz/m / / ;/ /
I / /
ag =30 qu/m / / /
400,0 /-__/7_;‘{__%____7__ __________ -
/ // /7
// = 20 cm2/m
(
| - 2
300,0 | 10 cm /m
I
| = 3 cm2/m —X—a,=0cm?m
l ‘ —{—a, =3 cm?m
200.0 ! —>—a,=10cm¥m |
' i ——a, = 20 cm¥m
I —O—3a, =40 cm?m
| = = = Local bearing press.
TITAN 40/16 Fq,,
100,0 /A o
¢ TITAN 40/16 Ry
[ZZIIIlpermiss. range
T Embedment depth h [cm]
0,0 | |
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0
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500,0

400,0

300,0

200,0

100,0

0,0

500,0

400,0

300,0

200,0

100,0

0,0

TITAN

F, [kN] Design load, TITAN 40/16 with f,, = 30 N/mm2 (C30/37)
: ag =40 cm2im / / /
; [] £
| 777 7 7
| ag =30 cm¥m
| 1]/ ./ / /
| {
RN/
I ag=20cm?m |
-/
i ag = 10 cm?/m
| |
| / 1/
| ag=3 cmj/m —X—a,=0cmzm
I —{—a, =3 cm?m
! —>—a,=10cm¥m |
i ag=0cmm X —x—a, =20 cm¥m
| —O0—a, =40 cmZm
T = = = Local bearing press.
/ TITAN 40/16 Fp,,
[;L/ TITAN 40/16 Ry
_ZZZIIlpermiss. range
I Embedment depth
| h [qm]
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0
F, [kN] Design load, TITAN 40/16 with f_, = 35 N/mm?2 (C35/45)
: ag =40 cm?/m / / /
; A
| ag = 30 cm?m ‘ / )</
A — 7
R/
| ag=20 cm?/m
-/
! ag = 10 cm?/m
I
N a4
| r —X—1a, = 0 cm?/m
[ ag = 3cm?m
—{—a, =3 cm¥m
! ——a=10cm¥m |
i as = 0 cm?/m —>—a, =20 cm?/m
—O—3a, =40 cm?#m
= = = Local bearing press.
l TITAN 40/16 Frg4
' TITAN 40/16 Ry |
*/ CZZZIIlpermiss. range
| Embedment depth
| h [em]
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0

25



Pile head anchored in concrete
Design charts for TITAN 52/26 with 145 x 145 x 28 washer plate

Hollow bar parameters

Design resistance according to National Technical Approval:

Load at 0.2% proof stress:
Min. embedment depth h

26

700,0

600,0

500,0

400,0

300,0

200,0

100,0

0,0

700,0

600,0

500,0

400,0

300,0

200,0

100,0

0,0

RM,d =565 kN (W|th RM,k =650 kN and Y = 14 5)

Frq = 635 kN (with Fq, = 780 kN and y, = 1.15)
Tension:
Compression:

h=17 cm

h=20cm (A=12.5cm, B= 13 cm)

F, [kN] Design load, TITAN 52/26 with f,, = 20 N/mm2 (C20/25)
= 40 cmZ/m
Frg = 635 kN 3 1
és 30 cm2/m
Ry = 565 kN VVAVAS / /
R 0 Y S R
7/ /i ‘ X
ag=20cm?m e
/ /|
4 : =10 cm?m
| % |
: / ag = 3 cm?/m
I
| / X —a,=0 cm?/m
I ag=0cm?m | —g—a = 3cmz/m
: / / >—a, = 10 cm?/m
} / —Yx—a, = 20 cm?/m
:{;// ! —O—a, =40 cm¥m
= = = Local bearing press.
i X TITAN 52/26 Fry [~
I// TITAN 52/26 Ry,
T Embedment depth h [cm] _ZZZIIlpermiss. range
0,0 10,0 20,0 30,0 40 0 50,0 60,0 70,0 80,0
F, [kN] Design load, TITAN 52/26 with f,, = 25 N/mm2 (C25/30)
‘ r Ay A /A N W
ag =40 cm?m /L 7/ / /
£ I/ 7/ V4
/ 4 ag = 30 cm?/m / / o
/ t/ /[ /
LA
I
} 20 cmZ/m }
I
I
: / 6‘15 —/10 cm2/m
| |
I
| —X—a, = 0.cm?m
I —{—a, =3 cm?m
: / —>—23a, = 10 cm?m
1/ —>>—a, =20 cm?m
j( —O—3a, =40 cm?m
= = = Local bearing press.
i TITAN 52/26 Fgy [~
|_—~ TITAN 52/26 Ry, 4
T Embedment depth h [cm] — :Ipermiss. range
0,0 10,0 20,0 30,0 40 0 50,0 60,0 70,0 80,0



TITAN

F, [kN] Design load, TITAN 52/26 with f, = 30 N/mm2 (C30/37)
700,0 ]
// =40 cm2/m / / / / /
L
600,0 ' 30* /2 , /I //
| | 2 = 30 g ,
| /77 ‘ ’
I | /
500,0 | ag = 20 cm?/m
I
I , ag =10 cm?/m
400,0 Wi
s | }
I i /;J
| ag = 3cm?/m
300,0 | / —x—a, =0 cm¥m
, | / A —O—a,=3cmZm
I ag = 0cm?m
/ | —>—3a, = 10 cm?/m
200,0 }t‘ —>—a, = 20 cm¥m
4( —O0—3a, =40 cm?m
| = = = Local bearing press.
100,0 qu/ TITAN 52/26 Fay [~
4 TITAN 52/26 Ry, 4
l Embedment depth h [cm] | [Z22ZZpermiss. range
0,0 :
0,0 10,0 20,0 30,0 40 0 50,0 60,0 70,0 80,0
F, [kN] Design load, TITAN 52/26 with f,, = 35 N/mm2 (C35/45)
700,0 i
: ag = 40 cm?/m // / / / /
| £
i 7 7/
600,0 I =30 cm?/m [(
| LI/ /
500,0 } 20 cm2/m
| / /
l 10 2/
ag = 10 cm?/m
400,0 : /
I
| 3 cm2/m
300,0 | —x—a, = 0 cm¥m
Y | —O—a,=3cm¥m
| ag = 0 cmzlm °
—>—3a, = 10 cm?/m
200,0 b —v—a_ =20 cm¥m
y / / —O—a, = 40 cm?/m
'l/ = = = Local bearing press.
100,0 i TITAN 52/26 Fry [~
7 TITAN 52/26 Ry,
l Embedment depth h [cm] —— :]permiss. range
0,0 . . :
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0



Pile head anchored in concrete
Design charts for TITAN 73/56 with 175 x 175 x 35 washer plate

Hollow bar parameters

Design resistance according to National Technical Approval: Rug =604 kN (with Ry, = 695 kN and y, = 1.15)
Load at 0.2% proof stress: Fra =722 kN (with Fz, = 830 kN and yy = 1.15)
Min. embedment depth h Tension: h=17cm
Compression: h=25cm (A=14cm, B=18.2cm)
F, [kN] Design load, TITAN 73/56 with f,, = 20 N/mm2 (C20/25)
800, 0 et g e
// ag =40 cm¥m
/ / / Fra = 722 kKN
Vd
700,0 / // // // /. /.
y as = 30 cm?/m / /
/) /| / Ry = 604 kN
600,0 / 7/ 7
—x—a_ = 0 cm?¥m + ag = 20 cm?/m
5000 —O—a, = 3cm¥m / / / i /><

—>—a, =10 cm%m ag =10 cm?/m

/
7
(
I
|
I
—>—3a, =20 cm¥m : /
400,0 {—0—a, = 40 cm?/m | ag =3 cm?m
= = =~ Local bearing press. | ///// /[/
TITAN 73/56 Frq || = 2
3000 1 Rd | ag =0cm?m
TITAN 73/56 R4
[ZIIIIlpermiss. range : / /
200,0 Vv
V /X
100,0 ! X
T_
T Embedment depth h [cm]
0,0 } .
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0
F, [kN] Design load, TITAN 73/56 with f,, = 25 N/mm2 (C25/30)
800,0 : e
// ag=40cm?m | /
Vi /[ /
700,0 | /7 7
| /77
= 2/m
| aS/ 30 cm /(
, L/ /
600,0 i ! 7
! = 2
—x—a,=0cm2/m I 1 2 =AvenH
500.0 Jl——a. =3 cm?m | / ~
—>—2a, =10 cm¥m | ag = 10 cm?/m
——a, =20 cm?m : /
400,0 f|—o—a_ =40 cm?m | Y as =3 cm#m
= = = Local bearing press. |
2000 | TITAN 73/56 F, |!
' TITAN 73/56 Ry, : / as = 0 cm2/m
[ZZIIIlpermiss. range | /
200,0 %
+/ X/
100,0 L
|~
T Embedment depth h [cm]
0,0 ' ! 1
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0
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800,0

700,0

600,0

500,0

400,0

300,0

200,0

100,0

0,0

800,0

700,0

600,0

500,0

400,0

300,0

200,0

100,0

0,0

TITAN

80,0

F, [kN] Design load, TITAN 73/56 with f,, = 30 N/mm2 (C30/37)
| T 7 7 ]
[ ag = 40 cm?m / /
| [/
| [ [/ / /. X
| /77
| ag = 30 cm?m
. [/ [/
| [a) V4 7
—X—a,=0cm2/m : ?5 > 20.om<im | ! /
||——a,=3cm¥m | / / /
—>—a,=10cmzm || as =10 cm?/m
—>—a, =20 cm?m l
T|—O0—a, = 40 cm?/m : ag = 3cm?/m
= = = Local bearing press. |
TITAN 73/56 Fryq |l
R | ag =0.cm?m
TITAN 73/56 Ry, v
[IIIIIIpermiss. range |
Y
K /
v
;—
l Embedment depth h [cm]
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0
F, [kN] Design load, TITAN 73/56 with f,, = 35 N/mm2 (C35/45)
I ] 77 !
| ag = 40 cm?/m / / /
| //
| VA /
| 777
| ag = 30 cm?/m /
. /5 / z /
i 777 7
= 2
—X—a,=0cm%m I / 3s = 20 cm?/m
||—O—a,=3cm%m | /ﬁ //
——a = I
a, = 10 cm?m | ag = 10 cm?/m
——2a, =20 cm¥m
1 | Vil /]
—O—a, =40 cm?m I /
= = = Local bearing press. | ag = 3 cm2m
| TITAN 73/56 Fy | 5 ’
TITAN 73/56 Ry, ' // ! 7
ZZIIZlpermiss. range :LJ/ s >'<0 cm?#/m
T /
l// X
Nl
l Embedment depth h [cm]
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0

80,0
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Pile head anchored in concrete
Design charts for TITAN 73/53 with 175 x 175 x 35 washer plate

Hollow bar parameters
Design resistance according to National Technical Approval:

Load at 0.2% proof stress:
Min. embedment depth h

900,0

800,0

700,0 +

600,0

500,0

400,0

300,0

200,0

100,0

0,0

900,0

800,0

700,0

600,0

500,0

400,0

300,0

200,0

100,0

0,0

30

RM,d =783 kN (With RM,k =900 kN and Y = 1.15)
Frq = 843 kN (with Fg, = 970 kN and y,, = 1.15)

Tension:
Compression:

h=17cm
h=25cm (A=14 cm, B=18.2 cm)

F, [kN] Design load, TITAN 73/53 with f, = 20 N/mm2 (C20/25)
as =40 cm?/m / / / Fra = 843 kN
VAV / /
T = 4 Z
S—— s as = 30 cm?/m // Rua =783 ky
| o y AV
—0O—a,=3cm?m
- /7K 7
—>—a,=10cm?m / ag =20 cm#m /
4|—=>—a, = 20 cm2/m VAR 4
—O0— 3, = 40 cm¥m / 10‘ em2/m
e =
||™ = = Local bearing press / S /. [ /X
| e
TITAN 73/53 Fry \ ag =3 cm?z/m
TITAN 73/53 Ry 4
Tl ZZZIIlpermiss. range

V%

4 //

ag =0.cm?m

/o

BRSNS U

80,0

/X
X
Embedment depth h [cm]
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0
F, [kN] Design load, TITAN 73/53 with f, = 25 N/mm2 (C25/30)
AT AR /
4 / /) /
77 7 7
7 777 4
—X—a,=0cm¥m | ag = 30 cm?/m }
||—o— 3 cm?#m | I/I /I
a, =
—>—a, = 10 cm¥m I ag = 20 cm?/m / / /(
H—=>—a, = 20 cm?m : /- /// /
—o—a,=d0cm/m | /// ; /
1|™ = = Local bearing press. ! 3 / as _/10 cm?/m /
TITAN 73/53 Frg |l
| ag =3 cmZm
TITAN 73/53 Ry || s
Itz Zipermiss. range |l o
I
I
F ag = 0 cm?/m
| S
| /G/
l/ ></
T
T Embedment depth h [cm]
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0

80,0




900,0

800,0

700,0

600,0

500,0

400,0

300,0

200,0

100,0

0,0

900,0

800,0

700,0

600,0

500,0

400,0

300,0

200,0

100,0

0,0

TITAN

F, [kN] Design load, TITAN 73/53 with f,, = 30 N/mm2 (C30/37)
7 D) T
l/ =40 cm2/m / / / /
! / // /
! 7 |
| 77
—Xx—a, =0 .cmzm ag = 30 cm?/m
| | lff o X
—{—a, =3 cmz/m I // /
—>—a,=10cmzm || aS = 20 cm2/m
H=—=>—a, = 20 cm¥m : A o
—O0—a, = 40 cm?m | //] as =10 cm2/m /
|~ = ~ Local bearing press. ! [/ / 3 /
TITAN 73/53 Fa, : /// o = ‘3 . /
TITAN 73/53 Ry, L
Tlez222:permiss. range |l
I
| ag =0.cm?m
| g
| /
% x
y
1 X
|
>f Embedment depth h [cm]
| | |
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0
F, [kN] Design load, TITAN 73/53 with f_, = 35 N/mm?2 (C35/45)
| ‘ 7
| ag =40 cm?/m / / ;/
I A SV /
1 /77 7 7
| 77
—X—a,=0cm%m | ag = 30 cm?/m
i i /. /.
—O—a_=3cm? 4
a, cmz2/m I /+ / / /
—>—a,=10cmZm || as = 20 cm2/m A }
H—=>—2a, = 20 cm?m | /
—O0—a, = 40 cm2/m : // / /
_||™ = = Local bearing press. ! / aS =10 cm?m
TITAN 73/53 Fry ||
TITAN 73/53 R, || :
T2 ZZZZIpermiss. range I ag = 3 cm2/m
| |
I ~
I // uf ag =0 cm?/m
/
%/
d—
| Embedment depth h [cm]
| | |
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0

31



Pile head anchored in concrete

Design charts for TITAN 73/45 with 210 x 210 x 50 washer plate

Hollow bar parameters

Design resistance according to National Technical Approval:

Load at 0.2% proof stress:
Min. embedment depth h

Ruq = 1059 kN (with Ry, = 1218 kN and y,, = 1.15)

Fro = 1104 kN (with Fy, = 1270 kN and y,, = 1.15)

Tension:

Compression:

h=17 cm

h=25cm (A=14 cm, B=18.2 cm)

F4 [kN] Design load, TITAN 73/45 with f_, = 20 N/mm2 (C20/25)
1200,0 e : 7T
11000 Fro = 1104 kN s 3 = 40 cm?/m / / /
’ 7z VAV ARNYA Z
1000,0 Rug= 1089 kKN~ avs )4 P
’ yal / 7/ ¢
—X—a,=0cm¥m / ag = 30 cm?/m /
900,0 | /£ 4 /.
——a,=3cm?m )2 / /
= 2
800.0 J/—>a.=10cm¥m il / 3g =20 cm (n}
—v—a,=20cm¥m || // /0/
700,0 {|—o—a, = 40 cmz/m : as = 10 cm?/m
— — — Local bearing press. | /// / " /[‘J/
600,0 7 TITAN 73/45 Foy || i+ 7 as = 3 cm*/m
| X
TITAN 73/45 Ry, || / /
500,0 1 CZIIIlIpermiss.range || :
| ag = 0cm?m
400,0 i | >
Y s i
300,0 b f
l/ i / / X
200,0 i: %
100,0 i/ X/
>|k/ Embedment depth h [cm]
0.0 | | |
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0
F4 [kN] Design load, TITAN 73/45 with f_, = 25 N/mm2 (C25/30)
1200,0 5 ; , ;
/ as =40 cm?m / / /
1100,0 — // ~ =
/ _ 2
1000,0 ( ag 3(/) cm2/m // //
—X—a,=0.cm2/m l / /as =20 cm?m
900,0 - | S L
—0O—a, =3 cm?¥m | //1 / /
800,0 ||—>—a, = 10 cm?m |
—x—a, =20 cm?/m I ///{ / //
700,0 {{—O—a, = 40 cm?m : / as = 10 cm%m ‘
= = = Local bearing press. | /// 1 aSi= 3 cm2/m /><
600,0 - TITAN 73/45 Fay ] / / / ;
TITAN 73/45 Ry, || \
500,0 Jlr==zz2:permiss. range ||
| ag = 0cm?m
400,0 | L :
/4
3000 i// gl /><
200,0 ? / X
X
100,0 el
T/ Embedment depth h [cm]
0.0 f f
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0
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F, [kN] Design load, TITAN 73/45 with f,, = 30 N/mm2 (C30/37)
1200,0 | 3 ‘
| ag =40 cm2/m / / / /j
1100,0
' : / / / //
| 7
1000,0 ! = 30 cm2/m
—X—a,=0cm?m
9000 1o a,=3cmzm / s = 20 cm?/m /
8000 ||—>—a.=100mm ‘ // I
—>X—3a, =20 cm¥m /// =10 cm2/m / /X
700,0 +{—o—a, =40 cm?/m | /
= = = Local bearing press. /;// // /
| ‘ [
6000 TITAN 73/45 Fy
TITAN 73/45 Ry, 4 _ .
500,01 -====: permiss. range as = 3 cm?/m
ag = 0cm?m
400,0 i /
300,0 ! // 0
, V4 / T
v
200,0 1
7
100,0 —
T Embedment depth h [cm]
0,0 T T
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0
F, [kN] Design load, TITAN 73/45 with f_,, = 35 N/mm2 (C35/45)
1200,0 | 7
| ag = 40 cm?m / / /
1100,0 -
’ : A4 /
1000,0 | // / / //
— 2 0o
9000 | X—a, = 0 cm?m aq = 30 cmz/m / /
’ —0—a,=3cm?m / / / / /J
—v>—a, =10 cm?m !
800,0 - ag =20 cm2/m
——a, =20 cm#m // | /
700,0 +{—o—a, =40 cm?/m /
= = = Local bearing press. //// / /
600,0 + TITAN 73/45 Fy, ///( as=10 sz/m
TITAN 73/45 Ry =3 cmz,m
500,0 ---- ~Ipermiss. range /////
400,0 i ag = 0cm?m
| o
300,0 '// L
y// x
200,0
T
100,0 =
T Embedment depth h [cm]
0,0 i i
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0

TITAN

80,0
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Pile head anchored in concrete
Design charts for TITAN 73/35 with 210 x 210 x 50 washer plate

Hollow bar parameters

Design resistance according to National Technical Approval:

Load at 0.2% proof stress:
Min. embedment depth h

Rug = 1205 kN (with Ry, = 1386 kN and y, = 1.15)
Fro = 1243 kN (with Fs, = 1430 kN and v, = 1.15)

Tension:

Compression:

h =17 cm

h=25cm (A=14 cm, B=18.2 cm)

F, [kN] Design load, TITAN 73/35 with f,, = 20 N/mm?2 (C20/25)
13000 Fag = 1243 kN P AR S A
1200,0 = Va A / Y4 7
Rug=1205kN  , aq = 40 cm?/m / / /
1100,0 5 z '
/ | / / /
1000,0 4@ =0cm¥m i ag = 30 cm?/m Pa
' 7
—0—a,=3cm%m / / / /{
z ag =20 cm?m
900,0 4{—>—a, = 10 cm?m - K as |
——a,-20cmm | 7 // /
800,0 - : ‘
—O—a, =40 cm?m | : ag = 10 cm?/m
7000 |——~ | )il
,0 4 Local bearing press. | + ="
= 2
TITAN 78/35 Fry || // / / ag = 3 cm?/m
600,0 7 TITAN 73/35 Ry, || /] v / I}
500.0 {IIIIIlpermiss.range || / / P
, : ///A/ ag =0.cm?m
400,0 ?
Wy sl .
300,0 : /7/ =
X
200,0 /. / -
J|</ Embedment depth h [cm]
0,0 |
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0
F, [kN] Design load, TITAN 73/35 with f,, = 25 N/mm?2 (C25/30)
1300,0 P 47/__/_1{____/#/_____
Z
1200,0 ~ e
7 ag = 40 cm?m / / /
1100,0 L S /S
/ | / / /
1000.0 —X—3a,=0cm?m d ag = 30 cm?m /:]
' 7
—O—a,=3cm¥m P Ve / / /X /
= 2
900,0 f—>—a_ = 10 cm?/m // s S AV E
8000 /=20 cm?m |/ /;_/
" |—o— a, =40 cm%m : /// ag = 10 cm?/m
700y0 = = = Local bearing press. | / ‘ ="
= 2
TITAN 73/35 Fy || // / / 3; =3 m?/m
600,0 - 4
TITAN 73/35 Ry || v / %
500.0 11227 permiss. range || / _
, | ///A/ ag =0cm?m
400,0 : ? o
300,0 | W 0
| l/ ¢ // X
200,0 /. 5
J|</ Embedment depth h [cm]
0,0 |
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0
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1300,0

1200,0

1100,0

1000,0

900,0

800,0

700,0

600,0 -

500,0

400,0

300,0

200,0

100,0

0,0

1300,0

1200,0

1100,0

1000,0 -

900,0

800,0 -

700,0

600,0

500,0

400,0

300,0

200,0

100,0

0,0

TITAN

80,0

F, [kN] Design load, TITAN 73/35 with f,, = 30 N/mm?2 (C30/37)
/ [ £/ A
/ / _/ /. V4
| 7 1
| ag =40 cm?/m / / // /
I ‘ I/ 7 /
| ag = 30 cm?m / /
—X—a, =0.cm?m /7 /
1 I 7 7
—0—a,=3cm%m | /a = 20 cm2/m /
J—>—a=10cm¥m || /// / /2 /
J——a=20cm¥m | A ag=10 cm?m J
—O—a, =40 cm?m | // / /
= = ~ Local bearing press. : 4
TITAN 73/35 Fr || /)/ / | /
TITAN 73/35 Ry || ‘
[ZIIIoipermiss. range || //// / as = 3 cm?/m /
1 | ag=0cm?m
Ny/&4 ¥
I /
I/// L i
i/ / o
v x
/
T Embedment depth h [cm]
0,0 10,0 20,0 30,0 40,0 50,0 60 0 70,0
F, [kN] Design load, TITAN 73/35 with f_, = 35 N/mm?2 (C35/45)
/ [ £/ A
/ / _/ /. V4
| 4 1
| ag =40 cm?/m / / // /
i L/ /
| ag = 30 cm?m / /
—x—a, =0 cm2/m VA4
| 7 7
—o—a=8cm/m || /a =20 cm?/m /
J—>—a,=10cm?m || ~ // /? /
—x—a,=20cmzm || /// ag=10 cmz/;n /
—O0—a, =40 cm?m : // / / /
= = — Local bearing press. | -+
TITAN 73/35 Fr || ;// / r/
TITAN 73/35 Ry 4 || ‘
T22777Ipermiss. rangeMd | //// / =3 cm?m /
b | ag=0cm?m ————
Ny/&4 ¥
I /
I//// L i
i/ / o
v x
T/ Embedment depth h [cm]
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0

80,0
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Pile head anchored in concrete
Design charts for TITAN 103/78 with 240 x 240 x 50 washer plate

Hollow bar parameters

Design resistance according to National Technical Approval: Rug = 1414 kN (with Ry, = 1626 kN and y, = 1.15)
Load at 0.2% proof stress: Fra = 1565 kN (with Fg, = 1800 kN and y = 1.15)
Min. embedment depth h Tension: h=18cm
Compression: h=33cm (A=17cm, B=26.1 cm)
F, [kN] Design load, TITAN 103/78 with f,, = 20 N/mm?2 (C20/25)
1600,0 7 —

1 ] ‘
Fra = 1565 kN A== ——— =
e
1400,0 5
Ry = 1414 kN - a5 = 40 cm?/m / 4 y
—X—a, = 0cm2/m 7 5 /

7

12000 ||—o—a.=3cmem 4 3= 30 omim /
—>—a, =10 cm?/m 3 /

ag = 20 cm?/m

—x—2a, = 20 cm¥m

1000,0 -|—o—a, = 40 cmz/m ;
ag = 10 cm?/m

= = = Local bearing press.

TITAN 103/78 Fq

v

800,0 - = 2
TITAN 108/78 Ry E 3 cm?im
. _I”Iipermiss. range
600,0 /x
ag =0cm?m
400,0

[
I
|
I
I

200,0 %

l | |
0,0 i i
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0

Embedment depth h [cm]

F, [kN] Design load, TITAN 103/78 with f,, = 25 N/mm?2 (C25/30)
1600,0 y AR A4

1400,0 7
s ag = 40 cm?m / / /
—x—a,=0cmzm s 1 /

as = 30 cm?/m

/

ag =20 cm?/m

1200,0 7 & =38 cm¥m z

—>—a, = 10 cm¥m

—=x—13a, = 20 cm?m

10000 | —o— 4 - 40 ome/m

= 2
— — — Local bearing press. ?s 10 cm?/m

TITAN 103/78 F pd
800,0 + fd ag = 3cm?/m
TITAN 103/78 R4
_ZZIIIZIpermiss. range /D/
600,0 /X
ag =0cm?m
400,0
/X
X
200,0
Embedment depth h [cm]
0,0 f |
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0
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TITAN

F, [kN] Design load, TITAN 103/78 with f,, = 30 N/mm?2 ((C30/37))
1600,0 , i ~
/ / ; //
r 4+
1400,0 I &
| =40 cm2/m
—X—a,=0cm%m | ?
12000 H{ 7 a&=3cm¥m || ‘ 30 cm2/m 0
—>—a, =10 cm¥m |
——a, =20 cm@/m : i = 20 cmZ/m
1000,0 +1—o— a, = 40 cm?/m I
= = =~ Local bearing press. | /
800,0 | TITAN 103/78 Fog | | 2 = 10 em2Im P
TITAN 103/78 Ry | | X
[ZIZIIipermiss. range |
I
600,0 [ '
| ag =3 .cm?m
| / X ag =0cm?m
400,0 7 —
%// / /X
X
200,0 e /
m//x
X Embedment depth h [cm]
0,0 | | |
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0
F, [kN] Design load, TITAN 103/78 with f,, = 35 N/mm?2 (C35/45)
1600,0 , 5 CZ
/ / ; //
r 4+
1400,0 I &
| ag =40 cm2/m
—x—a,=0 cmz/m | /
1200,0 {0 @&=3cm¥m || as =30 cm2/m 0
—>—a, = 10 cm¥m |
| /
——a,=20cm¥m | /” ag =20 cmZ/m
1000,0 11—o— a, = 40 cm?/m I A
= = = Local bearing press. | Y /
800,0 |- TITAN 103/78 Fpg| | ag = 10 om2/m /£
TITAN 103/78 Ry | X
[ZIZIZipermiss. range |
I
600,0 [ i
| ag = 3.cm?m
| / X ag =0 cm?/m
400,0 |
7 I
X
200,0 e /
m//x
*— Embedment depth h [cm]
0,0 | | |
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0
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Pile head anchored in concrete
Design charts for TITAN 103/51 with 285 x 285 x 70 washer plate

Hollow bar parameters

Design resistance according to National Technical Approval:

Load at 0.2% proof stress:
Min. embedment depth h
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Rug = 2174 kN (with Ry, = 2600 kN and yy = 1.15)

Fra = 2322 kN (with Fg, = 2670 kN and y = 1.15)
Tension:
Compression:

h=23cm
h=33cm (A=225cm, B=26.1cm)

F, [kN] Design load, TITAN 103/51 with f_, = 20 N/mm?2 (C20/25)
Y __ _Z__J
Fra = 2322 kN - /
Rua = 2174 kN / P
pd 7/
—X—a,=0cm¥m i =40 cm2/m
T]—0—a,=3cm#m // ‘/
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| |—0—a, =40 cm¥m |
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] TITAN 108/51 Fi, : = emsm
TITAN 103/51 Ry, / )
+{2IZZItzul. Bereich : A+ /
I / / ag = 3 cm?m
: \ A
| 7//:/ /
: ; : / /X
l ag =0cm?m
: 0
Embedment depth h [cm]
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0
F, [kN] Design load, TITAN 103/51 with f_ = 25 N/mm?2 (C25/30)
/ L
7/ /
e /S
> ag = 40 cm?m /
—X—a, = 0 cm2/m Yz 4 +
T|—O0—a, =3 cm?m ! =30 cm?/m
||——a.=100mm l / /CY iy
—>—a, = 20 cm?/m | / as =20 cm?/m
| |—0—a,=40cm¥m | ar /A/
= = = Local bearing press. | / =10 cm2/m ‘
i TITAN 103/51 Frg : ; L
TITAN 103/51 Ry, | b /A/ / /
+ZZIIIIpermiss. range | o
| | =
1 I I
| } }/U —
W . w— as =0 cm?/m
[A\ i
X
X
— Embedment depth h [cm]
| j j
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0



TITAN

F, [kN] Design load, TITAN 103/51 with f,, = 30 N/mm2 (C30/37)
2400,0 7 ,
A
/
2200,0 }
I
2000,0 }
—X—a,=0.cm?m |
1800,0 ++—0—a, =3 cmzm | &
—>—a, =10 cm#m l
1600,0 1- —y—a, = 20 cm?m I
1400,0 - —O—a, = 40 cm?/m |
= = = Local bearing press. l /
1200,0 1 TITAN 103/51 Fa, : ~ 1 A
TITAN 103/51 Ry | T ag = 10 cmm
1000,0 +--ZZZIIIpermiss. range | j 7
800,0 | + as =3 cm2m 0
| i
600,0 | i
W/@/ x— a5 =0 om?/m
400,0 t <
' i X
T/ Embedment depth h [cm]
0,0 | |
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0
F, [kN] Design load, TITAN 103/51 with f,, = 35 N/mm?2 (C35/45)
2400,0 - Z // A
/
2200,0 ! ,/ /
| /
ag = 40 cm?m
2000,0 | 5
—x—a_,=0cm2z/m | / / .
1800,0 4-—0—a_ = 3 cm2/ ;
ag cm</m | / /J
—>—a,=10cm?m | ag =30 cm?m
1600,0 + % !
——a, = 20 cm?/m | f
1400,0 |-{— O & =40 cm#/m ' / v 20 cm?/m
= = = Local bearing press. l / / /
1200,0 +- TITAN 108/51 Fy : / : A
TITAN 103/51 Ry | / ag = 10 cm2m
1000,0 +-ZIZZIZ:permiss. range | i
800,0 i
I
]

/ -
600,0 | // i ja}= 3. cm?/m /x
400,0 ij///@/ | — aa= 0 cm?im
200,0 m/D/ ></

0,0 | | |
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0

Embedment depth h [cm]
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Examples of applications

Foundation - pile head anchored in concrete
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Fig. top
Micropiles installed with sleeves

Fig. centre
Micropiles fitted with washer plates and spherical collar
nuts

Fig. bottom
Reinforcement in place

Foundation with TITAN micropiles

(noise barrier)
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scale 1:25

Pile 11

My

Pile 1 -
e 2

Setting-out point
F Fal

120

40 [J7 40

0,

HD bolts in
sleeves

60

®or®

Method 1

£2.85m

Top of pile head

Underside <
of pile head®
v

Section

scale 1:25

Method 2:
1) Dimension can be

increased if method 2 is
chosen.

HD bolts in
sleeves

®o ®

—— / (30737 XC4, XF2, XD1

Blindin
(12715 X

Pile 11& 13
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Examples of applications
TITAN

Anchoring a timber wedge clamp wall

Timber wedge clamp wall
for excavation shoring

2 driven channel sections
‘ :

Hollow bar
30/ and Tkt
40/16 &5

Spherical collar nut
Steel ball @ 90

Plate for steel ball 1
220 x 220 x 40 1
Weld to suit structural ! 4

requirements

Pile head concealed between
twin-channel waling

for permanent timber wedge
clamp wall

Excess length cut .~ Y05
Hollow bar

Spherical collar nut /

Washer plate, 148 x 200,

Construction project at the Heinrich Schiitz Residence in
Dresden with @ 70 opening

(bespoke item)

Are you familiar with our timber
wedge clamp? If not, simply reque-
st the brochure on excavation
shoring with timber wedge clamp
walls.

e

Excavation shoring anchored with TITAN 40/16 and
TITAN 52/26 without walings
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Examples of applications

Anchoring a bored cast-in-place pile wall

Pile head on bored cast-in-place Pile head between two
K& Hollow bar

pile bored cast-in-place piles s
Angle compensated for on site

Angle compensated foron & Tube
site, e.g. with mortar bed 4:'.-/Grout body

Hollow bar
Slegveonr
Grout body

Bored cast-
in-place pile

Washer plat E ~
asher plate —— ~E Bored cast-

Spherical collar nut g in-place pile
Protection cap \ ’@
% Washer plate

Spherical collar nut

Protection cap

Pile head on bored cast-in- Anchoring a bored cast-in-place pile wall - use of a
place pile sleeve
Angle compensation by system When anchoring a bored cast-in-place pile wall, the pile
head detail requires the inclusion of a smooth HD-PE tube.
—Bored cast-in- Opera‘tions:

place pile
S

1. Core-drill through the concrete pile for the tube.
_ 2. Insert the tube.
gﬁ’ﬁmond core- 3. Drill, insert and grout the micropile through the tube.
g The aim of the tube is to prevent the grout body being sup-

Spherical, collar nut. T 2 for tube ( . :
pReneas s - ported directly on the bored cast-in-place pile wall.
Steel ball HD-PE tube

Plate for steel ball

Anchoring a bored cast-in-place pile wall with Anchoring a bored cast-in-place pile wall without
TITAN 40/16 walings
Vnukovo subway station in Moscow Building site in Beringen, Belgium
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Examples of applications

Embankment stabilisation and nailing TITAN

After installing the hollow bars, the surface was secured Hot-dip galvanised TITAN domed claw washer plate
with wire mesh held in place on the slope with spherical e For fixing hexagonal, double-twist hexagonal wire
collar nuts and domed claw washer plates. mesh
e 5° angle compensation with spherical collar nut (hot-
dip galvanised)

Claw washer plate (part of netting supplier’s sys-

tem)

¢ For high-strength wire mesh

® 5° angle compensation with hot-dip galvanised TITAN
spherical collar nut

An unstable embankment more than 20 m high stabi-
lised with soil nailing and secured with high-strength wire
mesh.
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Examples of applications

Embankment stabilisation and nailing

Pile head detail for inclined tension load
e.g. TITAN 30/11 micropile

Eye bolt on g 23
TITAN 30/11 Ar
ﬁ TITAN 73/53 micropile
TITAN 30/11 micropile
Grout body

F x sin o =inclined tension [kN]

a[m] = projection of anchor eye fitting above ground
(fixity)

M., = bending moment capacity of TITAN 73/53

M., = actual bending moment (design value)

Mg =g xFxsinaxa <M,

Pile head detail with hot-dip galvanised eye fitting
for holding wire ropes

Pile head detail with Flexhead (not part of ISCHEBECK
range of products)

Flexhead

Mesh reinforce-
ment \
(lightweight rein-
forcement)

2 14.5: 280
2 18.5: 350

|
b

NN

£ Hollow bar
A 2 14.5: 30/11
*§*‘$ 0 18.5: 40/16

In the case of an overload, the hollow bar remains unda-
maged and the Flexhead is replaced.

Flexhead for fixing wire ropes
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Examples of applications
TITAN

Embankment stabilisation and nailing

Tie bars

e.g. in form of bent bars o . _
in 2 directions d Mesh reinforce
ment

according to structural
calculations

Sleeve

Spherical collar
nut

Domed washer

plate Hollow bar TITAN

Nailing with shotcrete facing
* \Washer plate embedded in shotcrete
® 5° angle compensation with spherical collar nut

Large load distribution plate

The TITAN geotextile fixing plate is ideal for use with geo-

textiles and rubble stone walls:

¢ Rounded edges = much less risk of damage to geotex-
tiles or plastic sheeting

¢ 285 mm diameter = low bearing pressures (ideal for
thin stone walls, for instance)

¢ Integrated angle adaptor = for differences in angles of
up to 36° in all directions between pile axis and abutment

¢ Galvanised = permanent corrosion protection if left
exposed

Spherical collar n

Geotextile
fixing plate
Geotextile o~
7= .
=l AN
L7 o = 90°-40°-15° =35°  Grout body
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Fast identification of load increases

The load stage indicator (LSI) is
fitted to identify load increases and the
associated deformations at an early
stage. The LSl reveals load increases
visually in three stages without the need
for elaborate geodetic surveys.
* Three load stages
70 kN -160 kN-180 kN (TITAN 30/11)
200 kN -300 kN-400 kN (TITAN 40/16)
¢ Up to 30 mm deformation
e Can be checked visually at any time
e German Mining Inspectorate (LOBA)
approval 18.24.6-28-4
(for TITAN 30/11)

Anchoring a retaining wall
Damduls, Austria

Simple visual inspection of deforma-
tions without geodetic surveys
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Accessories

Steel ball with waher plate for steel ball
and O-ring

Seal for HD-PE tube to protect the micropile
against corrosion in the critical backfilling area
behind the sheet pile wall.The HD-PE tube is
inserted into the cement grout body.

Self-centring angle adaptor plate for domed
washer plates

Spherical collar nut
Angle adaptor plate
Domed washer plate

e For use together with domed washer plate
e Angle adaptor plate for angles of up to £36°
e Self-centring, no additional on-site welding required

Differences in angle of up to +36° between nail and terrain can be
compensated for by fitting a self-centring TITAN angle adaptor plate
(shown here with domed claw plate).

Easily centred pile head
with spherical collar nut,
steel ball with waser plate
for steel ball

Spherical collar nut
Steel ball
Plate for steel ball

Angle adaptor plate for mounting on
compensating washer as bearing for ten-
sioning chair

Tensioning chair

Angle adaptor
plate

Spherical collar n

Angle adaptor
plate

Domed washer
plate
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TITAN micropiles are ideal
for many applications, e.g.
foundations, underpinning,
soil nailing, anchoring retai-
ning structures, tunnelling,
etc.

© ISCHEBECK 2018

Errors and omissions excepted!

Please refer to our TITAN micropile brochure for general information and analyses. Information on other potential applica-
tions can be found in our brochures on slope stabilisation and nailing, foundations and underpinning, anchorages
and tunnelling:

| scucocce §

TITAN

The photos reproduced in this brochure represent momentary snapshots of work on building sites. It is therefore possible that certain
facts and circumstances do not fully correspond to the technical (safety) requirements.
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