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Fra mgdeinvitation:

Lodret Spaendt Armering - optimering af stabilitet - og reduktion af CO2
Spa®ndarmerede d>=k - optimering af betonvolumen og reduktion af CO2
Bjelker (og broer) - optimering af betonvolumen og reduktion af CO2

Forstaerkning af eksisterende betonkonstruktioner med spaendarmering -
genanvendelse og reduktion af CO2.

www.cclscan.dk wiww . cclint.com
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« LODRET SPANDT ARMERING

« IN-SITU STOBTE SPANDARMEREDE DAK (FLAT SLABS)

www.cclscan.dk wiww . cclint.com
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CCL Scandinavia A/S

 Etablereti 1947 - i dag 70 medarbejdere - swndinavien

« Siden 2012 medlem af CCL Group - 600
medarbejdere

+ Specialister indenfor efterspaendt beton

« Design - teknisk assistance - levering og
udfgrelse af spaendarmering

« Deltager i arbejdet med reduction af CO2 i
byggeri

« Udfgrende i hele Skandinavien - Danmark -
Sverige - Norge

« Fabrikker og kontor i Veerlgse, Danmark -
Alesund og Oslo Norge — Stockholm, Sverige

« Design via CCL Engineering - specialister i
spandarmerede betonlgsninger :

« Mere end 1.000 kunder!

Bjarne Landgrebe

Ms.C (civ.eng.) - DTU 1982

Ingenigr NCC 1982 - 1996

Adm. Direktgr CCL Scandinavia - siden 1996

www.cclscan.dk wiww . cclint.com
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Lodret Spaendt Armering — CO2
Generel betragtning

— Ifglge general EPD har slap armering og spaendarmering circa
samme CO2 aftryk — ca. 600 kg/ton stal

— Spaendarmering er ca. 3 gange steerkere end slap armering —
malt pa brudstyrke

— Nar spaendarmering erstatter slap armering, anvendes generelt
kun 50 % malt pa veegt

— Ud fra denne betragtning reducers CO2 belastning med CO2
footprint for den anvendte spaendarmering

— Herudover reduktion som fglge af reduceret antal stabiliserende
beton-vaegge

www.cclscan.dk wiww . cclint.com
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Hvad er Lodret Spaendt Armering?

Kabel
Aktiv ende

» Et system der sikrer vandret stabilitet (vind)

» Bidrager til bygningens samlede stabilitet

» Placeres i veegge og/eller kerner

CCL Kabel
» Udfgres som et spaendarmeret system

» Injiceret (bonded) system

Stang forankring,

» Velegnet til elementbyggeri akiv

Opspeendingsstang !

> Bestar af linekabler og steenger

www.cclscan.dk wiww . cclint.com



.._@[) Scandinavia A/S

Princip-skitser

Vindbelastning og snitkraefter

LIV L

N |
CCL kabel R
gy I
Forspeendings stang| X ; ’ X
~ Fundament™

Opstalt ﬁ

www.cclscan.dk
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Lodret Spaendt Armering - fordele

* Reducerer materialeforbrug - sparer CO2

e Sparer tid — og penge

« Effektivt stabilitets-system

* Flexibel indretning (Open Offices)

« Kreativ bygningsudformning (arkitektur)

* Reduceret udbgjning af konstruktionen

« Et sikkert system — kontrolleret opspaending

» Et sikkert system — injection nedefra!

www.cclscan.dk

wiww . cclint.com
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Fleksibilitet !

TRADITIONELT BYGGERI

www.cclscan.dk

LODRET EFTERSPANDT BYGGERI

o

o
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EEEEEEEEEE

Eksempel: Kontorbygning— 99 x 18 meter — 4 etager (14 meter)

| Armering ﬂdb.ﬂjn_ing
|2stk6L13 | 4 mm |
Istk6L13 | § mm |
6Y25 113 mm
3Y25 17 mm _

www.cclscan.dk wiww . cclint.com
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Lodret Spaendt Armering - hvordan? .

Hvordan stabiliseres bygningen?

Trin for trin:

Kerner og/eller veegge optager vandret last :j
Beregn kraftpavirkning af kerner/veegge

Beregn ngdvendigt modstands-moment

Beregn lodret kraft og placering pa veegge/kerner
Angiv veegtykkelse — og/eller angiv kabelstgrrelse
Vis ankerarmering

Beregn spaltearmering

Placér eventual revnearmering

Udfar tegninger

© 0N Ok wWDhRE
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£> Cerema

Cerema/DTecTM Mail: gte-dtecitmi@cerema.fr
110 rue de Paris Tel: +33 180 523 11
Sourdun web: www.cerema fr
ccl
—'/ European Technical ETA 07/0035
Assessment of 22/09/2015
Technical Assessment Body Cerema
issuing the ETA: Direction technigue infrastructures de transport et
matériaux

Trade name of the construction product CCL X' Range Post-Tensioning Systems
CCL XN Multistrand Bonded/Unbonded System

PO ST-T E N S I 0 N I N G — ki CCL ‘XMC’ Multistrand Bonded System

SYSTE M S 4 i ) Product family to which the construction 16. Reinforcing and presiressing sieel for concrete @ ’ ol
: 2 product belongs (and ancillaries). Post tensioning kits. ' " oty "'E:"‘nb
CIVIL ENGINEERING CONSTRUCTION

Manufacturer CCL Stressing International Ltd
Unit 8 Park 2000 Millennium Drive
Leeds England
LS11 5BP

Manufacturing plant{s) CCL Stressing Systems Ltd
Unit & Park 2000 Millennium Drive
Leeds England
L511 5BP

This European Technical Assessment 66 pages including 38 Annexes (38 pages) which
contains form an integral part of this assessment.

This European Technical Assessment is ETAG 013, edition June 2002, used as European
issued in accordance with regulation (EU) Assessment Document (EAD)
No 305/2011, on the basis of

This ETA replaces ETA 07/0035, renewed on 08/08/2012

www.cclscan.dk wiww . cclint.com
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~.Brudspaending ..

15,7 mm
150 mm?2

Kabel Fleat 1860 MPa
abel specifikationer V1860-157
Anchorage | n mAr?l - k;"m ’I:‘;:I‘ :ﬁ
XM/ XMC-10 3 450 3.52 837 664
XM/ XMC-20 4 600 4.69 1116 886
XM/ XMC-30 7 | 1050 | 8.20 1953 | 1550
XM/ XMC-35 9 | 1350 | 10.55 2511 | 1993
XM/XMC-40 | 12 | 1800 | 14.06 3348 | 2657
XM/XMC-45 | 13| 1950 | 15.24 | 3627 | 2878
XM/XMC-50 | 15| 2250 | 17.58 4185 | 3321
XM/XMC-55 | 17| 2550 | 19.92 | 4743 | 3764
XM/ XMC-60 | 19| 2850 | 22.27 5301 | 4207
XM/XMC-70 | 22 | 3300 | 25.78 | 6138 | 4871
XM/XMC-75 | 25| 3750 | 29.30 6975 | 5535
XM/ XMC-80 | 27 | 4050 | 31.64 | 7533 | 5978
XM/ XMC-90 | 31 | 4650 | 36.33 8649 | 6863
XM/ XMC-95 | 35| 5250 | 41.02 9765 | 7749
XM/XMC-IOO 37 | 5550 | 43.36 | 10323 | 8192

www.cclscan. dk

=

wiww . cclint.com
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Krafttab

Faktorer for krafttab:
 Lasetab
 Svind og krybning af beton

« Kompression af beton
* Relaksation af spaendstal

Generelt kan summen af disse saettes til: 20 %

www.cclscan.dk

wiww . cclint.com
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A, M, F F

Anchorage n| o2 P kl;': kI:I
XM/XMC-10 | 3 | 450 3.52 837 ~| 664
XM/XMC-20 | 4 | 600 | 4.69 1116 Ese\
XM/XMC-30 | 7 | 1050 | 8.20 1953 50
XM/XMC-35 | 9 | 1350 | 10.55 | 2511 \19§Q
XM/XMC-40 | 12 | 1800 | 14.06 | 3348 | 2657
XM/XMC-45 | 13 | 1950 | 15.24 | 3627 28?\8\
XM/XMC-50 | 15| 2250 | 17.58 | 4185 | 3321
XM/XMC-55 | 17 | 2550 | 19.92 | 4743 | 3764
XM/XMC-60 | 19 | 2850 | 22.27 | 5301 | 4207
XM/XMC-70 | 22 | 3300 | 25.78 | 6138 | 4871
XM/XMC-75 | 25| 3750 | 29.30 | 6975 | 5535
XM/XMC-80 | 27 | 4050 | 31.64 | 7533 | 5978
XM/XMC-90 | 31 | 4650 | 36.33 | 8649 | 6863
XM/XMC-95 | 35| 5250 | 41.02 | 9765 | 7749
XM/XMC-100 | 37 | 5550 | 43.36 | 10323 | 8192

www.cclscan.dk

Y1860-15.7

Kraft efter krafttab:

KN

Ca. 60 % of brudkraft (F)

wiww . cclint.com
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) l Blikrer Dimension A

Vegelernent:
Studs type A dimension B

CL Flexikobler

Underlabning
mead flydemerte!

Understebning

Dekelement/ ¢
Dekudstebning

Vegelement

Blikrer Dimension A

%"

DBl—dut fjernes ferst ved stabning of udsparingen

Alle samlinger topes
Vedr. studse se tegning 5.90.713 og 5.90.715

Armering er ikke wist
Alle mal er mm og diometrene er indvendige mal

EEANDINAYISK

Spaendbeton w.ussn BT TR TR R ——

Desiyy Leet 1) odiret efterspending

wr L% 1k e miingsdet fori
in .
o po——— amlingsdet., rergennemfering

Godkenct

— | Vegelement /dek /vegelement

Mifestak:  tkke i skalo

Tegn. nr.: 5.97.0043

Dot | Erstatter legn ar:

| dndings

www.cclscan.dk

' 12XM—4D J
Dimension AM—10 [43M— 207 5M— 30/9%M— 35/t 3XM - 451 5% M = 501 17XM—~5519XM -6
A 0.5 mm iy 65 65 85 85 105 105 105 105 _
B: 0,5 mm ty| 60 B0 80 ) 100 100 100 100 -

=

Blikrer jf. EN 523

Blikrgr — dimensioner i veegelementer

www .cclint.com
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Veerdier i henhold til ny CCL ETA

Kant- og centerafstande

Fem,o ©N cube

46MPa

> fck cylinder 30 MPa

Anchorage

b

XM/ XMC-10

200

200

XM/ XMC-20

220

220

XM/ XMC-30

260

260

XM/ XMC-35

300

300

XM/ XMC-40

320

320

XM/ XMC-45

240

340

XM/ XMC-50

360

360

XM/ XMC-55

380

380

XM/ XMC-60

400

400

XM/ XMC-70

430

430

XM/ XMC-75

460

450

XM/ XMC-80

480

480

www.cclscan.dk
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Veeg-tykkelse

Minimum vagtykkelser i henhold til forankringsarmering, deklag, centerafstande og ETA.
Tabel 1

Vardierne i Tabel 1 er dimensionsgivende for vaegtykkelser ved spndarmering.

Anker- dimemnisril::rn of Vagtykkelser | Centerafstande | Vaegtykkelser | Centerafstande
woe | forankrings- Inkl. deeklag | (da=klag 2x10 | Inkl. d=klag | (da=klag 2x15
. 2x10 mm mm) 2X15 mm mm)
armering mm
4xM20 . 170 192 250 200 240
FXM30 215 235 285 245 275
9XM35S 240 260 345 270 330
12XM40 285/280* 305/300* 335/340* 315/310% 325/330*
13XM45 | 290 310 370 320 360
15XM50 315 335 385 345 375
17XM55 | 340 360 400 a7o 3590
19XMED 350 370 430 380 420

* spiral Jinks

www.cclscan.dk wiww . cclint.com
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Spalte-armering
- 1 henhold til EuroCode

Skandinavisk Spaendbeton / Spaltearmenng 1 hehold t1l Elasticitetsteorien

Eksempel — 2 ankre

L1
b
P P
EI | Sl . EI
IR =
[ [ g SR T Ca ' [
hi -nl-l:r1. T? . -!i;-i--|-1.
I'T-l-“--l-:l-i-i-'l 12 ] l'-l-l-l--l-l-'-l-l-T'll‘
| EEEEEIINENE! | | E“ 111110
|-G O O~
H Cz2
=1} | 'E'l

www.cclscan.dk
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Anker-armering
-armering

Spalte

Lukkede bgjler — ved enderne

Eksempel
Revne-armering

wiww . cclint.com
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Stressomatic Jack Clearance

@

"R

I

160kN Long Stroke
300kN Short Stroke 1315 | 3so |

www.cclscan.dk

wivw.cclint.com
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Spaendstaenger
T T
| |
| |
l
| |
P —
] |
IREEE
| ||
] -
S
. Q B
Spaendstang - g g ‘
L {7 Fundament 4 J\

www.cclscan.dk wiww . cclint.com
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Spaendstaenger - specifikationer

Diameter mm

Charasteristis value of
maximum force kN
Fm

Characteristic value of 0,1%
proff force kN

Fpo,1

Maximum prestress force kN

I:PI'I'I-EH'I

Normalt kan slut-kraften seettes til 60 % af brudkraften

28,5 32 36 40 20

208 |528 (1045 | 1294 2022
461 |672 | 830 1045 [ 1o40
41> |eb4 | Jie5 944 1476

www.cclscan.dk

wiww . cclint.com
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]

EMD PLATE

LINKS

Spaendstaenger

el

e b
WASHER
o B v ] a
BAR DMMETER|y _crerion [BAR #] & [POCH | 0D |TUANS|BAR o] 8 | Cs | S0U.] Mo | Cumerer |
25 220w 130 12 0 &0 175 4 B a5 70 100 B 38
265 230w 230 12 0 &0 180 4 B 25 O 205 B 40
32 240240 12 0 &0 190 & B a0 O 216 T 48
% 280250 | 12 | 20 | 40 |z10 | & 8 |3 | 70 | z3s| 7 s
4 200x290 | 12 | 20 | 4o |240 | 7 | 10 |35 | 78 | 288] & =
=] 355x185 12 k] L] 300 H 12 a0 2] 330 5 75
NOTES:
MIMIMUM _ ANCHORAGE SPACING AND EDGE OISTANCE ALL MIMEMSIONS 1M mem.
ALL REINFORCEMENT TO EN 100BO: 2005
NOMIHEL NIN, CHARACTERISTIC FROPERTIES AS FOLLOWS:
BAR DAMETER | X TIELD STRENGTH 480 N/mm2
(o] n o) DR EBAS, .
Center_afstand > 268.5 230 ELDMGATION AT MAM. FORCE Agt 5%
a2 240 HELK — SHAPE CODE 77 To
‘a @ @ 36 280 EM B0 3766: 2003
Kant-afstand —— 4| o N R E R T,
losi].x 50 258 CONCRETE TO BE IN ACCORDANGE WITH

EN 206—1: 2000.
& PLUS ANY ADDITIONAL REOUIRED COVER BEYOND 10mm MINMUM MEAM COMPRESSIVE STREMGTH AT FULL

PRESTRESS Fem.a.cube 35 M mm.€

THE ABOWE REINFORCEMENT AND EDGE DISTAMCES MAY BE MODIFIED IN ACCORDENCE WITH MATIDMAL
REGULATIONS AND RELEVANT APPROVEL OF THE LOCAL AUTHORITY TO PROWIDE EQUINALENT FERFORMANCE

www.cclscan.dk www .cclint.com
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Indstabt anker - spaendstang

@z

n

-~

125

\
g

ved meontags

Beskrivelze Pos |Jim | e26,5mm| 232Zmm | e38mm @40mm e30mm
Macalloy o ) oy e e
dia. stan 1 el | @26,5/29| 232/35 @36 /40 240,44 (@20,/55,0
‘:hr:Trik. hajde (svejst til pas. 2)| 2 5 Ki 43 48 53 74
Forankringsplade 3 HOoxt10 125x125 | 1402140 | 160«160 | 200x200
Forankringsplade, tykkelse t 40 30 50 G0

Blikrer, dirm. 4 | »2|e50(0,5) | @55(0,5) | @B0(0,5)

Mir udrogends stanglangde 50 50 50 50 20

Injektionsrer,/slange (udv,) e16,/a20

219 /825

219 /225

@13 /w25

FEL=rer for injektion

Fares min. [ T aver
Sdek

fundament

Tapesarnling

eIy
Spendeband

Injektionsrar

Mote:

Alle mal 1 mm.

Alle blikrarsdimensicrer er indvendige mal
Forankringsarmering valges og udferes efter
konstrukierens anvisning.

Ma oy no, | N
Wacalloy forarkringsplade, pos. & 535
Elikrer, pos. d EN 523

Minimurmbetonstywrke fee ooawe = 35 MPa

JBE4 N Smm®
SJR efter EN 10

www.cclscan.dk

wiww . cclint.com
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Hvem gar hvad? - EKSEMPEL

Radgivende ingenigr
- Projektering af Lodret Spaendt Armering — inkl. anker- og spalte-armering

CCL Scandinavia A/S

- Teknisk vejledning til radgiver — evt. projektering

- Teknisk vejledning til entreprengr

- Levering af ankre — inkl. udluftnings- og injektions-detaljer
- Levering af blikrar — til elementfabrik og byggeplads

- Levering af spaendstal — liner og staenger

- Montering linekabler

- Opspaending af linekabler og steenger

- Kontrol af spaenddata (KS)

- Injektion — fra bund til top

- Komplet KS dokumentation

www.cclscan.dk wiww . cclint.com
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Tietgen Kollegiet

www.cclscan.dk

Organisation

Bygherrre:
Tietgenfonden (Nordea)

Bygherre-radgiver:
NIRAS

Arkitekt
Boye Lundgaard & Lene
Tranberg

Konstruktions-ingenigar:
COWI

Entreprengr - beton:
Pinl & Sgn

Spaend-leverandar:
Skandinavisk Spaendbeton

wiww . cclint.com
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Statisk system

Vandret spaendarmering

Lodret Spaendt Armering

T PR =
T.J,Iurul‘-uﬂ&:' Werapaelt) {1"“?“"'"5".}

on kalk
o I
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1B“ﬁ| Wl hﬂlufﬁ-‘«-
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www.cclscan.dk
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Opspeanding

www.cclscan.dk wiww . cclint.com
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Tietgenkollegiet

b 3 v: - $ 1
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Vertical Post-Tensioning - Denmark
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Lodret Spaendt Armering - Denmark

« Prismeti Arhus

* Fisketorvet

« B&O i Struer

* Fields

« Parken Stadium

« Karen Blixen Parken
« Siemens Aalborg

« Veerkmestergade, Aarhus
 Den Sorte Diamant
« Parken

AT

- Tietgen Kollegiet I i M,w *

- Bella Sky Hotel | 5 : ,‘Ef'llle; :‘é
(] Ak
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Lodret Spaendt Armering — CO2

« Teenkt eksempel
— 6 etagers byggeri med 2 kerner (3 x 4 m)
— Uden lodret spaendarmering, veegtykkelse = 25 cm
— Med lodret spaendarmering, veegtykkelse = 20 cm

— Fra branche EPD:
 5cmveeg: ca. 15 kg CO2/m2

— Areal: 2x14x20 = 560 m2
— CO2 besparelse: 15 x 560 = 8.400 kg = 8,4 tons CO2

www.cclscan.dk
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Lodret Spaendt Armering — CO2

» Taenkt eksempel
— 6 etagers byggeri med 2 kerner (3 x4 m)
— Speaendarmering: 2 x 4 x 7XM35 | hele hgjden
— CO2 i spaendarmering (fra EPD) 1,87 kg CO2/kg
— Anvendt spaendarmering: 1.200 kg
— Anvendte ankre: 400 kg
— Foringsrar: 312 kg
— CO2 for lodret spaendarmering: 4.000 kg = 4 tons

— Netto besparelse: 8,4 — 4,0 = 4,4 tons !!!

» Hvor CO2 for beton og martel er forudsat til same veerdi — og at eksisterene fundamenter kan optage supplerende last.

www.cclscan.dk
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Spaendarmerede in-situ stgbte daek

(Flat Slabs)
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CCL Scandinavia/CCL Engineering:
* Projektering — af deekkonstruktionerne
. i samarbejde med radgiver
« Levering og udfgrelse af spaendarmering
« | samarbejde med entreprengr

« Kontrol og as-built

Opgaver for betonentreprengren (samarbejdspartneren):
« Forskalling - op og ned
« Levering og placering af slap armering (og evt. Spandarmering)

« Levering og udstgbning af beton

www.cclscan.dk wiww . cclint.com
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Fordele ved spandarmerede dak (Flat Slabs)

. Reduceret materialeforbrug — CO2 besparelse
. @konomisk fordelagtig

J Slanke daekkonstruktioner

. Reduktion af total etagehgjde

J Vandrette deek (ej behov for overbeton)
J Flad/vandret underside

. Reduktion af nedbgjning

J God skivevirkning

J Fleksibel rgrfagring

J Fleksibel indretning

o Projektering/design tilpasset udfgrelse

J Udfarelsestid 1 - 2 uger pr. etage

J God lydreduktion (luftlyd)

www.cclscan.dk

wiww . cclint.com



@ Scandinavia A/S @/

Spandarmerede dak (Flat Slabs) - CO2

CO2 betragtning for Lighthouse

Indledende antagelse for armering

Her ar der anvendt EPD fra Calsa for slap armering

Potential environmental impact - mandatory indicators according to EN 15804
(Declared unit per tonne of reinforcement products)

Indicator A3 Tot.A1-A3 AL

GWP-fossil kg CO: eq. . 360 . 48,5 | 16,2 425 7.26 . 0,345 6,9 0 0 | 128
Her er der anvendt EPD fra Tysca (Celsa) for spaendarmering
« samme type som anvendt pa Lighthouse

Environmental impact parameters:
(1) 3-wire strand PC4; (2] 7-wire strand P&61; (3) 7-wire strand P42

3-w Strand PC4 / 7-w Strand P61 / P462. Functional Unit: 1.000 kg

Parameter
GWP-fossil kg CO2 eq 5.71E+02 1.33E+00 @ 2,67E+01 5,99E+02 3.56E+00 | 9.93E+00 | 8,57E+00
GWP-biogenic kg CO2 eq 6,192E+00 7,80E-05 1,26E-01 6,32E+00 2,03E-04 | 5,69E-04 @ 4,88E-04
GWP-luluc kg COZ eq 2,13E+00 1,08E-05 | 1,85E+00 | 3,99E+00 3.62E-05 | 8,75E-05 | 8,45E-05
GWP-total kg COZ eq 579E+02 1.34E+00 @ 2,87E+01 6,09E+02 3.56E+00 | 9,94E+00 | 8,57E+00
|

www.cclscan.dk wiww . cclint.com
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Spandarmerede dak (Flat Slabs) - CO2
CO2 betragtning for Lighthouse
Indledende antagelse for beton

« Her ar der anvendt EPD fra Unicon for beton type:
* 40 MPA aggressiv

Miljepavirkninger

Parameter Enhed
Al-A3 A4 Bl B2-B7 C1l c2 C3 C4 D

GWP [kg COz-eq.] | 4-32E02 3.39E00 | -1.26E01 | 0.00EOQ 1.24E01 6.71E00 6.88E00 5.09E00 | -4.71E00

« Den faktiske beton til etagedaek pa Lighthouse:
« 55 MPa

www.cclscan.dk wiww . cclint.com
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Spandarmerede dak (Flat Slabs) - CO2

J Eksempel fra Lighthouse, Aarhus
o Indledende overvejelser:
o In-situ slapt armerede daek
o Beton: T =40 cm; CO2: 0,4m x 432 kg/m3 = 173 kg/m2
J Armering: 38 kg/m2; CO2: 38 x 0,425 = 16 kg/m2
o CO2 1 alt: 189 kg/m2
o Lgsning:
o Spaendarmerede in-situ daek
o Beton: T = 20 cm; CO2: 0,2m x 432 kg/m3 = 86 kg/m2
J Armering: 14 kg/m2; CO2: 14 x 0,425 = 6 kg/m2
J Spandarmering CO2: 3 kg/m2
J CO21 alt: 95 kg/m2

e  CO2 besparelse: 189 - 95 = 94 kg/m2 x 20.000 m2 = 1.880 tons!

www.cclscan.dk wiww . cclint.com
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Projekterings-overvejelser

Daktykkelser/nedbgjning

Key

Characrensmc
impaosed boad (IL)
—_— 25 kN
=  50kN'm
= 75kN'm?
— 100 kN/m?

Rarge for
50 kWY

mulciple span
(P = 1.5-25 MPa)

Pri\ = presiressing
foeoas area, MPa

Multiple span

Figure 5.3

Span:depth
chart for

post-tensioned
flat slabs:
multiple span

www.cclscan.dk
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Spandsystemer

Bygninger: injiceret system (XF) CCL fladt anker
(XF aktiv ende)

Kabelkanal -
blikrgr - fladt

Passiv indstgbe ende

www.cclscan.dk wiww . cclint.com
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Spandsystemer

Bygninger: injiceret system

XF Anchorages Before Concreting XF Anchorages After Concreting
Deviation Cone '
Duct
B g ——
Grout Entry ' Duct
Force Transfer Unit (FTU)
Pockat Formier Wedges ' ~ Force Transfer Unit (FTU)
v,?
Shuttering " Anchor Head
The type of anchorage is designated by type and size in the following order:
XF - 20 - 5 13
System Anchorage Maximum Mo,  Nominal
Type Siza of Strands Diameter
www.cclint.com
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Spandsystemer

Bygninger: injiceret system
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Spandsystemer
Plastkappe

Bygninger: "unbonded” (ikke injiceret) (XU) l

Spaendline

Korrosionsbeskyttelse
(fedt)

7 ' Tveersnit

Passiv ende

Aktiv ende

www.cclscan.dk wiww . cclint.com
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Produktion af spaandkabler

— fabrik Alesund, Norge
| | |

1 asde.
.......
-
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Spandsystemer

Bygninger: “unbonded” (ikke injiceret)
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* x *
Spandsystem Service d'études sur e .
uthorise
les transports, les S and notified according r
routes et leurs to Article 10 of the Council
aménagements Directive of 21 December 1988
* on lhlelappfoxidma(:lon 0: Ia‘ws‘ * Service d'études
T regulations and administrative
C C L E A - X F & XU Syste m dodvende frietcebrand provisions of Member States sur les transports,
92 225 BAGNEUX CEDEX relating to construction pro-
Tel : + 33 (0)1 46 11 31 31 * s eonosEEe) X les 'N"“S et leurs
Fax : + 33 (0)1 46 11 31 69 oY % aménagements
*

MEMBRE DE L'EOTA

MEMBER OF EOTA

European Technical Approval No. ETA - 10/0107

English translation, the original version is in French (version originale en Francgais)

Nom commercial: Systémes de précontrainte par post-tension CCL;
gamme ‘X’
Systéme adhérent/non adhérent multi-torons CCL ‘XF’
& 'XU’

Trade name: CCL ‘X’ Range Post-Tensioning Systems

CCL 'XF’ & 'XU” Multistrand and Monostrand
Bonded/Unbonded Systems

Détenteur de I'ATE: CCL Stressing International Ltd
Holder of approval: Unit 4 Park 2000 Millennium Way
Leeds England
LS11 5AL
Type générique et utilisation Systemes de précontrainte par post-tension de 1 a 6

prévue du produit de construction: torons adhérent/non adhérent

Generic type and use of Post-Tensioning Kit for prestressing of structures
construction product: with bonded/unbonded tendons of 1-6 strands
Valid from: 06/08/2010
to: 06/08/2015
Producteur du procédé: CCL Stressing Systems Ltd
Kit manufacturer: Unit 4 Park 2000 Millennium Way
Leeds England
LS11 5AL

Le présent agrément technique 43 Pages
européen contient:

This European Technical Approval 43 Pages
contains:

Organisation pour I'Agrément Technique Européen
European Organisation for Technical Approvals

www.cclscan.dk wiww . cclint.com
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Project: MINDET 6 Ref: B-11500-T05-CALCO01-02

Projektering - dokumentation

Slab Calculation Report

A detailed calculation report for T03 level

Description

01 23-06-01 Drafi2
02 23-06-05 Drafi2
04 23-06-29 Drafit4

www.cclscan.dk wiww . cclint.com
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Projektering - dokumentation

Project Description

Mindet 6 is a forty-story tower located in the industrial harbor area in Aarhus, Denmark.
The tower rises 145m above ground, and it is mainly intended for office use. The tower will be
built next to a pre-existing structure as shown in Figure 1 which will simultaneously undergo
renovation. Both structures are structurally independent due to the presence of a movement

joint.

Figure 1: 3D view of the tower with the pre-existing structure (retrieved from [3])
The tower consists of four main parts, a base part, a lower part, a middle part, and an upper
part. The slabs in the last three parts of the tower include side cantilevers each in a different
direction. The slabs in the base part are designed as reinforced concrete slabs, and the slabs in
all other parts are designed as post-tensioned (PT) slabs. In addition to the PT slabs, CCL was
assigned the design of the raft, resulting in a total area assigned for PT design to be
approximately 40,000m?.

Design Philosophy

The slabs are designed to carry all loads superimposed, in addition to its self-weight.
The post-tensioned slabs on the apartment stories are 230mm thick, except for the mechanical
floor slab on T. 14, which is 300mm thick. The typical floor framing system is a flat slab system,

with two-way spanning floor slabs that support the applied floor loadings and fagade loading.

www.cclscan.dk

Slabs Overview

The slabs act as two-way slab system, with each slab having an area of approximately ) @ )
1,200m? (without considering the inner core area). The structure consists of a total of forty _)
slabs, where 36 slabs will be designed as post-tensioned systems. The mentioned 36 slabs span
from level T.04 to level T.T2. The PT slabs are divided into three main stacks, the first and

lower stack which is made up of T.04 to T.14, the second middle stack which includes
T.15 to T.26, and the third top stack consists of T.27 to T.T2. The stacks correspond to which

side the cantilever slab is located, as shown in Table 1.

Tabie 1: Location of cantilever in stacks 1, 2, and 3

3. Post-tensioning system
CCL’s XF10 and XF20 system will be used in design, which can include between two and
four 15.7mm strands. Figure 10 shows a cross section of the live end where the dimensions of

each part are provided in Table 4.

poEoet .
‘ B A -l - -
2= e a— £
« a = = -1
s
b ] . . + i
1 ' Jand K el Dot D
L]
¢ dacher heac Farce Traneter Lnt Devaton Cone Duct
Figure 10: XF system live end
Table 4: XF live end anchor dimensions (in mm)

XF-10 2 80 |91 108 (66 |44 (242 |30 |25 18 (42

XF-20 95 126 | 155 |80 |44 ([300 |30 |25 18 |69

+

The dead end of the tendons the onion detail will be adopted which is shown in further details ~ ++rorrrrrrrrreees
in Figure 11 and Figure 12. Table 5 corresponds to the di ions of the dead end detail. winw .ccliﬂt. com
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B Projektering — tegninger 1

—-Lighthouse Bundplade
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Generel note - Pasle og fundamenter MIET_K08_HO_T12_EX_N01
Fundamentsplan MIBT_KO9 H1_T12_EFU_N11
Vaeg opstalter amering MIET_KO09_H2_T19_Exx_Mxx
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Fordele - for hvem?

Bygherre

J Fleksibilitet — i bygningen

. Reduktion af sgjler/understgtninger — fleksibel indretning
Arkitekter

J Fleksibel indretning

J Elegant - og spaendende! - konstruktion
Konstruktions-ingenigr

J Uddelegerer en specific konstruktions-del
. Sparer tid (og penge!)

Entreprengr

J En enkel konstruktions-lgsning/udfgrelse

. Sparer penge!

www.cclscan.dk
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Folgeeffekter — ulemper?

Generelt

o Mere production pa byggepladsen

° Andring af praksis/tradition

Citat Sgren Kirkegard:
. Alle vil have udvikkling!

J Ingen vil have a&ndringer!

www.cclscan.dk

wiww . cclint.com
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Udfarelse -
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Tilbudstekst:

Indledningsvis vil vi gerne fremhaeve/gentage fordele ved en spandarmeret lgsning:

. Betragtelig reduktion af maengden af slap armering — fra ca. 38 kg/m2 til 13 kg/m2
. Tidsbesparelse ved reduceret maengde af slap armering

. Feerre kranlgft af slap armering
. Hojere sikkerhed for konsekvenser af eendrede forudsaetninger (idet en slapt armeret lgs-

ning vil veere pa kanten af f.eks. nedbgjningskrav)

Fglgende indgar i vor ydelse:

- Design af Flat Slabs — incl. tegninger indeholdende placering og type af armeringsstole
- Levering af spaendarmerings-stal (i coils & ca. 3 tons)
- alternativt stal-liner afskaret i leengde og maerket
- Flade kabelkanaler (flat ducts) — med integrerede muffer
- Aktive og passive forankringer eller etablering af tulipan/lgg ankerender
- Overgangsstykker mellem kabelkanaler og ankre
- Armeringsstole for hgjdetilpasning
- Instruktion af jeres mandskab til montering af kabelkanaler og ankre
- Instruktion ved assistance med injektion af kabelkanaler

- Supervision og st@bekontrol
- Opspanding efter den af jer udfgrte styrkeprgvning af det udstgbte betondaek
- Alternativt kan vi tilbyde temperatur-/maturity maling af betonens styrke

www.cclscan.dk wiww . cclint.com
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. o
COz beregninger pa bro
Sammenligning mellem eksisterende elementbro
og en optimeret efterspaendt betonbro

Potentiale for CO; reduktioner i design- og udfegrelsesfasen

Praesentation af Rapport

Nyt studie viser, at det er muligt at reducere
CO2 aftrykket med op til 45 procent ved at
optimere design af betonbroer.

www.cclscan.dk wiww . cclint.com



m) Scandinavia A/S OF af Klausdalsbrovej med fortov og cykelsti i begge sider samt dobbeltrettet ke-

rebane. I alt en bredde 14 m malt indvendigt mellem kantbjaelkerne.

www.cclscan.dk wiww . cclint.com
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Ud fra disse statistiske betragtninger kan man estimere, at CO: aftrykket pa den pagael-
dende bro, i ca. 80% af tilfaldene, vil ligge indenfor felgende granser svarende til den

nedre og gvre 10% fraktil:

+ For elementbroen: fra ca. 314 og op til ca. 418 tons CO:z-eq

« For optimeret
efterspaendt in-situ bro: fra ca. 165 oqg op til ca. 231 tons CO:z-eq

Resultatet af CO: opgorelsen viser tydeligt, at det er betonen, som star for hovedparten
af CO; aftrykket for begge brolesninger (op imod 75% stammer fra betonen). P& grund
af den markante materialereduktion opnaet i den optimerede efterspandte bro reduceres
C02 aftrykket fra 366 tons COz-eq for elementbroen til 198 tons CO:-eq for den efter-
spandte bro. Dette svarer til en reduktion ps 46% og felger direkte af materialebespa-

relsen beskrevet ovenfor.

Fundering af broen bestar af borede pasle, hvilket jkke er medtaget i sammenligningen.
Den markant lavere egenvaegt for broen efter optimering vil dog medfgre et mindre fun-
deringsbehov, som ligeledes vil medfare reduktioner | materialemangderne.

www.cclscan.dk wiww . cclint.com
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=y
(T s
T 1 ;
LOMNG BRACKET ASSEMEBLY ALIGNER STRAND 15.7mm

1xM20 BOLTS
GRADE 8.8

SECTION B

www.cclscan.dk www .cclint.com
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Material Properties:

N W oB WM

1

Concrete:

Compressive strength 12.5 MPa

Post-Tensioning System:
1

Type of Post-Tension: External PT

Type of anchor used: XT anchorage
Prestressing Cable: 12.9mm - Unbonded

Type of strand: Low Relaxation

Ultimate Strength of Tendon: f,,, = 1860MPa
Cross Sectional Area: 100mm?

Jacking force: 140 kN

Design Conditions:

Tank 121

A supplement of cables equal to an extra ring force of
The ring wall is divided into 2 zones.

-Zone 1: From 0.0 m to 3.56 m below the upper edge of the ring wall

~Zone 2: From 3,56 m to 5.53 m below the top edge of the ring wall

Ring tension at the bottom 588 kN/m
of the zane

Figure 2: XT anchor chosen for this project

90 k¥ ls required under the balconies

- The external casting is executed to a paint of 5,53 m from the top edge.

947 kN/m

Minimal tension related to 456 kN/m
water tis

738 kN/m

At the bottom of

Maximum tension per 600 kN/m
vertical meter related to the
tangential compressive

tensioning

1000 kN/m

Maximum distance between 0,56 m
cables due to distribution of
water pressure

1,18 m

If point loads: Minimum 185
allowed points per cable

90

Lowest construction 0,17 m
thickness

0,29 m

Maximum inner diameter 32,7m

32,7m

he tank 121, j

to an extra ring force of 341 kN due to a hole in the

t above the casting, there must be a supplement of cables egual

www.cclscan.dk

www .cclint.com
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« Anvendelse af spaendarmering i hgjstyrke beton — 150 Mpa+
« Kan spaendarmering anvendes i kombination med stalfiberarmeret beton?

* Fra salen?

www.cclscan.dk wiww . cclint.com
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TAK FOR OPMARKSOMHEDEN

Kontakt os gerne for naermere oplysninger —
tak!

www.cclscan.dk
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