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Carbon concrete- the creative building material- its properties and

performance indicators in strengthening the elements of structures
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Abstract: Construction and restoration operations have developed rapidly since the beginning of this century. This
development coincided with the trend of towards developing and discovering new building materials that meet the
aspirations and needs of those interested across all engineering fields. One of the most important building materials
currently being developed is carbon concrete, in which carbon is used for reinforcement instead of steel, which has been the
material in use until today. Due to the many advantages of using carbon concrete whether in building new structures or in
repairing, strengthening and consolidation of existing buildings, this innovative material will replace conventional
reinforced concrete in the near future.

This study aims to shed light on carbon concrete and present the latest findings of scientific research on this material and its
production and use techniques, whether in modern buildings under construction or in existing buildings for the purpose of
repair and rehabilitation. It also aims in its experimental part to study the effects of reinforcement using carbon concrete on
the behavior of implemented concrete elements (for example, column elements) by changing many parameters. This
research paper presents the characteristics and components of carbon concrete, its manufacturing methods and areas of
use, in addition to the advantages and disadvantages of the new carbon concrete through a brief overview in order to
introduce this creative building material in the Arab sector and encourage its use as an alternative to reinforced concrete.
However, there is still an urgent need for scientific research into the details of carbon concrete. Only then can standardized
and complete concepts be presented for their practical use and, above all, the code version to be followed when utilizing

them.

Keywords: Carbon Concrete, Carbon Textile Concrete, Carbon Textile Reinforcement.
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Fig. (1) Left Production of a textile fabric on a textile machine; Middle: fabric for predominantly
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bending or normal force loads (carbon); right: fabric for shear force reinforcement (AR glass) o

« Polymersuspension yedg: b Glas (10 goiuan (ol oMb meudd! e Gday clalaseindl dlass 3

oo oMol ealuy Styrol- Butadien.caliss ¢ysmlind! of Epoxidharz guSsu¥! clzisly de Ll § dainy

0o OSa @lg sall Jas § Goludlly eaddl § bogusell aran HLAT Sy cogusdl o byl Jinss § 4l

LI Al i) o okl Budies oy (831 Ll ey, diles S 4131 Lagliag e Limi¥ 53 Bl LI

. Jleara¥ls Jaull ke e JSn el Ao oy e diatlly Aol ay .cblynll i dadlgll ol 2unls
" S5S eedl) zela 1531 pamy sl (1) 3 Joaell inss

S ! el ailasd Sl (1) Jgused!

Table (1) Example for characteristics of a textile reinforcement

Material / material

Fasermaterial / Fiber material Carbon / Carbon

[58]

Trinkungsmaterial / Impregnation Epoxidharz / Epoxy Resin
Geometrie / geometry
Form / Shape Matte / Panel
Abmessungen / Dimensions[m] 2.0x1.25
Langsrichtung / Longitudinal | Querrichtung /Transversal
Achsabstand Strang / Roving axis distance [mm] 12.7 16

Faserquerschnittsfliche Einzelstrang / Cross-section 1.81 0.45
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Material / material

of the yarn [mm?]
Bewehrungsquerschnittsfliche / Cross-section of
141.02 28.02
the reinforcement [mm?/m]

Kenndaten / specifications

Langsrichtung / Longitudinal = Querrichtung /Transversal

Garnzugfestigkeit / tensile strength of the roving

>4000 >4000
[MPa]
Bruchspannung / Tensile strength [MPa] 3300 3350
E-Modul (Bewehrung) / Modulus of elasticity
>220000 >205000

(reinforcement) [MPa]
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Table (2) Examples of sprayable fine concrete mixes and hardened concrete properties el

Mixture properties

Component M1 M2 M3
Aggregat Sand 0—1 [kg/m3] 942.0 1122.4 1122.4
Cement CEM132,5 [kg/m3] - 564.8 -

Cement CEMIII/B 32,5 [kg/m3] 628.0 - 468.4

Mikrosilica (Suspension) [kg/m?3] 100.5 56.6 56.6
Fly ash [kg/m3] 265.6 2531 2531

Water |/m3 [I/m3] 214.6 221.5 221.5

Superplasticizer FM30, BASF [I/m3] 10.5 12.0 -
Superplasticizer ACE30, BASF [I/m3] — — 3.8
Water- Binder value [-1 0.33 0.36 0.42
Material properties, hardened concretes
Compressive strength [N/mm?] 76 65 54
Flexural strength [N/mm?] 71 8.7 9.5
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Mixture properties

Modulus of elasticity [N/mm?] 28500 25600 -
Density [kg/m?] 217
Aalell Gl mie skt @ dpaull adlye § Llis Zeeldl Lluysdl plasiel Usw J2f o
pd9e dl Sral> Larludy Llas Sy &1y « Pagel Spezial- Beton GmbH (Essen) BO]B\S)JL, YU | LE PRV DS
Al i (e 3By Boume Slelyy Bagg aad ol Jleaiwly Lalsdl @iy laday . 25 kg Laaws (olST (8 sl
(3) Joaedl ,last P dasall
PAGEL TF10 dacldl &l yiell auall oliwlgd! (3) Joua

[30]

[30]

Table (3) Technical data of the fine concrete PAGEL TF10

Technical data sheet

TF10
TECHNICAL DATA
TYPE TF10
Grain size mm 0-1
Layer thickness mm 3-20
Amount of water max, % 14
Consumption (dry mortar) approx. kg/{m® - mm) 1.9
Fresh mortar raw density approx. kg/m’ 2,150
Processing time approx. +20°C min 60
Measure of extension DIN EN 13395-1 S min mm 170-210
Swelling 24 h Vol.-% > 0.1
Compressive strength* 1d N/mm? =215
7d N/mm* =40
28d N/mm? =80
Bending tensile strength* 1d N/mm? 23
7d N/mm* =6
28d N/mm* 28
E-Module (static) 28d N/mm? > 25,000

* Testing of bending tensile and compressive strength in accordance with DIN EN 196-1

Note: All fresh and solid mortars are tested at 20 °C + 2 °C, storage of the test specimen after 24 hours until
the strength test in water at 20 °C + 2 °C. Higher or lower temperatures result in deviating properties of fresh
respectively solid mortars and test results. Depending on the temperature, the consistency can be adapted
with a slight reduction of the mixing water.

Storage: 12 months. Cool, dry, free from frost. Unopened in its original container.
Delivery form: 25-kg bag, Euro pallet 1,000 kg

Hazard class: Non-hazardous material, observe information on packaging.
GISCODE: ZP1

PAGEL PRODUCT COMPOSITION:

Cement: acc. to. DIN EN 197-1
Aggregate: acc. to. DIN EN 12620
Additions: acc. to. DIN EN 450, general building inspection approval (abZ),

DIN EN 13263 (fly ash, microsilica, etc.}
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Fig. (3) Crack pattern of a reinforced concrete slab reinforced with TRC after a 4- point bending test
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Fig. (4) Reinforcement of a listed hypar shell using the lamination process (left, Photo: Ulrich van

52], [501, [45], [10 . .
321, 501, fas1. € ]) and production of a5 m long carbon concrete beam using the

[31])
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Fig. (5) Examples of the use of carbon concrete in new buildings; top left: trough bridge made of
carbon concrete in Albstadt- Ebingen, top right: textile concrete facade at the TU Dresden, photo
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Loga Bolas sda i 2020.ple 3 Auign, SO Bluoyiell o ddiuw @Il @ e Jo¥ oliy Bnsy i
dosol (un sy i slid) Jleel Ll oling, 350,80 Blayiedl (o JolSOL poiian o Jol aptdd g=s
G Al aag aly Lo § Bolle a2 a9 Lol & Odwyd Aiyae § EinsteinstraBe oliddyf g5l §"CUBE"
oo i JS& Ay oLas| Bate Bliey Lol 058w Tagye Te 220 Aoliay oyt ot Sl Jlms
Jileie Kb Oliipe Obsile Ol pmaie. sbisl ¢ (5)Sad! Aig0, S Bluoyiddl (ya JolSIL oinmny Lylore Jouzme
sly Laid gole e plaeiul Gl (Miasg SLAAL ely cile (IS cidsll uis 39 (and! Laany Jilie
Badanll GLL Sla G oSl e ail il crars dasll Goaiaall s 3l pelay 7 iign, S &Lyl
plaal 8ye3 5a"CUBE" J1 sl ™ Limglyiall ] cibimgs Lo auasd lady g, S Ailiyiell alaizaly Ll
2014.ale dis C3 5 9,ds 3 Ldsions o3 &1 gl

Lailiad — A 1oyl sUull Bale — Ay ga <1 Alua a0

LA pualie a5 B g e (57) e



£2022 (e = Js¥) 3380 - (pudhad) el - i gl s b 55535 gt sl Alina - a5 sl gl Al

tJie B ygdun IS4 I oLl § 9 ia dudis ‘3 &y Lda
AIB GmbH, Assmann Beraten & Planen GmbH, Betonwerk Oschatz GmbH, Hoch- und Tiefbau
GmbH & Co. KG Sebnitz sowie texton e. V., HTWK Leipzig und TU Dresden.

peeuilly 2garlls diluall 2.5

535 3k Lavie cpueaally Lganll / luall Jlrme @ auly Blas e Ay, SO Blaoyiell oliseiad oy
J8T s e oy Camy (0Say Lo 8T Lganll ASLew 085 o) gl udi §9 Aaladl juoliall ozl 50
o2 LS gL i e el L3 0l LS gl o e Blasl o el pazall (139§ 2iSas 30U
3 LS Gl olae e Blasdl iy s A3 @lall Llesg Bluo Jlme § Log S Lilaoyid! pliaseied
ezl e 8,811 3305 e < 3Ll

coball ol by aall Jte ol Sl 2gat) pols S ubin oS bl il gude siad
B i) el ¥, 5yl LLSCATs Lol diiuel Bgans 8001 Lo, L Tylas

o3 Glally ayaall Sladll e agaadl Lgaty apuzd lale 15 die 450,81 Bilaoyidl alaseiul @3
Lol @ Zwickau g8l Lgas 3 Globandl Cadull @peasy st (Jlesdl sda e Sl goldl allal)
3aL5 e« 1ad8 8 om Lo iy @) el Aoyl SLI 0 JS 3 L P 1903 e sy o3 gl
oo Loyas 2 em 3 1 em 38 Lo 290, S0 Byl o ilids A3Lsk igllall gorad! 3 bl Jooeall 5,u8
el e Blaxdl ae &8 cuail ke wllbaie Gibzs (Sal Jus 258,01 Ladll clab Las s
(6) JSadl LY

S Gledll o puad ybuddl ) Y Agatll § Bgn S Aoyl plasind e Abkal (6) JSa!

dodzd) ddas el vy BN o dazd L.,il}la.wi adaw siedl d) el Aglu il dadall (§
Fig. (6) Examples of the use of carbon concrete in reinforcement [53]; left: embedding the carbon
fabric in the fine concrete layer, right: monument- protected barrel roof after the renovation

Lol Aoyl (o Sdatll clbSLA) 4SSN 2ogaall Jloel § Lol 250,801 Bilaoyiddl sz

J¥1 Zaaguall. 2gn, S0 Biliyall aliiiuly o3 (ninagie iy Bluo @3 el e 3dle. Zolal

e 30 Jls> bl Layhdy Sl o b call 20 day dlaldl Blaoyidl o Bdaie S Aglglasd

Al Aaaguall Cudyai. S Byl e pa Boiall n pcall Anaguall U315 Copgley o15ia 45 Jls> Leelisyly

Aiday Ortnngeall IS g sty Bl 15 Gypdl cats 510 0n lyal J1 Sl o0 olo 11 80 iy

50] [34]. -
‘[ ]‘[ ]4-1-’5-954-1-'\*“)’
aibad — de i) elidf Bala — 4 gy 80 Adlu A 58 -
cildiall palic ae i A Ll al jdisag (38) >



02022 (e = S 23 o (udlal) alanal) - il glrall L o1 5385 g Apeudigh) o glad) Alna = Cilali) i g o glall Ay jal) Anal

3 Al ey s Bloal Asn,SI Bliysd! alusiad @ (Bylall syusr iz Gilue Lles §

il W3La) Lelad| Byl o oyl WS 3 3 10 2014 0Le § lazall siate yumg 2012 ale 3 Lolli

Bili Gl Bob s e 7l o3 2020ake § bl S Aaldl yunliadl cuile A4gs,S Al

s A3, SO Aliyseld Boaarll LA e S 2O Y a0 el sl 850 Jo¥ sL2Y
ST Jete e ol oS53 8Lacel) Bmmsell Bpiall gl Caoeis

A9yl Llsyzell cigeg ble .6
S Auudanl] delad) Bkl e Ainde Llazs 508 Llie 2SI Biluoystlly ol gl ellzas
L

Slgall By80a9 ¢l 0¥ Alle g Aayasg Aamms Aumpudd) Aluoyid| Sl -

byl cliadell Jobol &eus e cIogoele JSd mly Idag Tusay ¥ Giss SO bl -

eyl ellaadl Jolas oSy cmaland) dyu Jie W (0 Bylesedl ) 7 limy ¥ Gigs,SOI el ¥ Blas -
A9y Bl sl 3 ilesdle daay ] Aol ) Bl sy ol eyl Bue 40w pli )

50% e w5 dudy slgll adgio 4a.8 59 Aardy Sl slid] oSell o -

e ASlewd! ells als Ly 2- 3 em 8h9a,SI Blysdl (0 Aegiiall alalgll albdly aASkew s -
7-8 em dxlull &luysd) alaseiul

ladall clow jlo Ly 7 em Jls> Al Gluysdl (o Zegiall KLl sas clib clow jlo -
ez G 0,391 L Bilo s e Tode I iay 1- 2 em dadd 490,801 Lilaoyiel oy 2o giiall
g tll 8 S LS dilin pbas cpamidl aay L 0sSG o

diaglieg 7.8 g/cm3)c,.o Y, 18 g/cm3 Wls) ol C’:’Ji s O, Ol bl s ae &5laLL -
o0 1S SIST (090,81 615 (2T (500 N/mm2 e Yty 3000 N/mm?2 Jls>) Colaal & ) (uas ST
3020 e AST !l g

Sl Blae e Glewdl § 0ds Ty ) ¥l (8T slge A390,ST1 Ailuoyiell slusziad clbazy -

Augazlly dpuzenll LT oMY By Julas Sy duasall cdg Julas -

8,Sall iyt (easally apleal) cnuaiiell 28ls) duely] Lo GguySdl bl ud gy i -
Ayletiad] Aaglsgll ey

oo LaliS ST Llazey Idag. Tz pdis Bsdd (oye po dge £ it Halio i SO !l Blaoyiel clles -
Alatl Aoelud | Gyl

Jilay § Bilaoysdl yu9u5 Bole] oSy @3 (a9 Wiluoyelly 090, ST had Sy puasadll joall sl way -
BT g S pgas sale] il (§ 093,805 Blaoyinll a9t Ble

Gl pilias 3. Aign SO Loyl piolie auivad 3 a3 S us J) 5laasd) g AaN Cguadl usi - -
plalll ligsy Jie) Sligss) @l azrse 21 ¥y gty el gl oy Lo Llle JULI die (e psal
OB 13 . uganll Bale] §8asll (ads oo Aigs S Bluoyiell y5T e (Amlad) Blaoyidl § Aatiiaed
Sleliall § Il sa L) clidl delin (L8 (Laaysgs 3ales diluyielly O30, S Jund Jaally (Sl oy

aibad — de i) elidf Bala — 4 gy 80 Adlu A

LA pualie a5 B g e (39) e



£2022 (e = Js¥) 3380 - (pudhad) el - i gl s b 55535 gt sl Alina - a5 sl gl Al

37en 1da 58 Laygas slall 09, S (LT Led pstadiun @ clanill ) 48 a> ) aza5 (553!
P daslall gl @ dndl

@y:d’.” Sl 7

Ladis 1.7

Sy Baeedl yuolic Lol Bdall Aebudl byl polall e pueasd! @lyige slasl o o
G3SI !l By alasiuwly saec¥l ablal goall Gighaall ol las) @ Aoyl byl § .Y 5> 3K
Jeos 28lb 3Ly § oyl Goshatll ol pwas) 2yl Gluehall Bls Sl dolus 73l sk @i
.[46] Basyl

MIC3-v2.75 €3- V1.2 (e g,ill Sl
4l e 28LY1 Sl b pamy Al 2wl ShLasdl e uaidl Budl O Amad!l Bkl Blsaag
Llaoyselly 3l9all yuoliall e Aplucd! zladl Badas 46la) Sldly g SO Bilayidl plusiwly @uead)
g, ST

Aulyad (2019 ale 3 sy Amal> @ Las] Lue 14 Juan @3 Aaslad] Sled¥ily ooploeild YlaSal
i Ayl lagzmall elpaly Sliall G LYl @l Ladln cws eeadl Alad e bl o sl
Buac¥l oo Bl luws diael Ayt @l dn JS Aol ! Lzl Slas @) Aglued! 7 3Laidl 215480
zeliall 288l L1 Cletll il e Lele Jpvamedl @3 @ sl patlbas e 4o Akl dplul z 30l pluasialy
(ladl oyl

Aaas slal @l Sueel e hlasyl e skl el @

oyl melindl iy 2.7

Apleysl Buaedl ) A8Ls) (igsySIl uadlly Blgde dplunys Bueel e Spaxll byl cdod
9o 939 atime  ablasdl cha) @iy a5l Jal oo Bazpe aliye Bliey oS @iy Slyde pall 2xludl
(Oauyd daalzd aaldl Otto- Mohr- Laboratorium

Uiy Agatll Al dud po5 il Loy 4USCas sgeall slal iy (e Bl Sl W) oot

Jl dals) saasll suec¥l Jgo> cloglas (4) Jouxdl Lo Bues¥l Lloy 8ylanul wili liSy
A gyull Slsel L)
(31 5 sl | Buecdl Cigog (4) Jgaz!

Table (4) Description of the tested columns 3]

vyl aladll JS4 peedid) Al el bl JSA gl Byl

[m] salayiy e / pede a8 Q,.yﬁl [mm] 540l

11 02x02 cue St Llgsle

12 0.2x0.2

e AL -
21 0.3x0.3 ™ R20
22 03x0.3 Sk Llgsle
e
2.3 03x03 K addA-

pailad — Lo oyl sl 5l — A gy SN Al Al

LA pualie a5 B g e (60) e



£2022 (e = Js¥) 3380 - (pudhad) el - i gl s b 55535 gt sl Alina - a5 sl gl Al

vyl pladll S peedid) Al el bl JSA gl Byl

dgaall ;3 .
- [m] salayls e [ pede g':,.yﬁl [mm] 540l
2 4 0.3x0.3 JSé yea8B-
3.1 0.4x04 S Ll gL
32 0.4x0.4 PUSITYS -
4 0.37x0.25
5 0.41x0.21
s US4 Llgsle
6 1 0.3x0.3 R60
6 2 0.3x0.3 R40
712 D 0.34 ke pd =
713 D0.34 e Sxila JSi

Ao ymtl] Slgall 3.7
sla¥ly cilaslgll -1

S shasg slay¥ly JSCadl Zaliss dsye ablie &l3 Biecl Jpats @3 (4) douzdl o0 misly 52 LS
b e el 7em lade; laolarl s sgae K 5ueldy (ol Juats @3 .liall prazd L=1.65 m syud culs
Jobal el 5 gaall § oiyally Jslall maluil] BSOOA 4S)le 395 alaiiul @3 .20 cm glas,ly s50all
oudddl 3 D6/ 80 mm ISé gayall mebuacll Lol 6DP12 &350l Buacll §9 4D 12 Zaliall suaell ppex @
Ll .24 mm dluysd) hial) Sl by . Jawsdl il 3 D6/ 110 mmyg suecdl LT Jawdly golall
JSa (7) ISl ass sl oSOl 339 €35/45 Ayl (e ilSh Bl prer 3 Bociall Byl
s oyl Jolall mdadll pungs Sy sl sgaall

ksl (GRID Q85/85 #S)le (e solidian 48,4 zlu] ce Lsarll § pusiadl Gisn,SI el zulud
(3) Jousdl st Pagel ™ aSile o od Bsarl! Jleel § Hoiradl declill byl Loi (1) ™68, Joud!

Lailiad — A 1oyl sUull Bale — Ay ga <1 Alua a0

LA pualie a5 B g e (61) e



£2022 (e = Js¥) 3380 - (pudhad) el - i gl s b 55535 gt sl Alina - a5 sl gl Al

Bac¥! JSC& tlaugdl § cagaadl ] Jaudased gy sl J 8 pell Suacdl Cayng (7) JSAII
" GRID Q85/85 _jigsySI! gl ealuad :oaell JI gl Jud Al
Bild (7) Reinforced concrete column; left: diagram of the column reinforcement, middle: finished

columns before reinforcement, right: Carbon Textile Reinforcement GRID Q85/85[13]

:Jadlg tg.ha.ﬁl -2

mdedll clblsl (589 2019 jadys § Hentzschke 48,2 § Axludl Apluysll alyall zl) @
day Buec¥l Slice po sl slimi¥ly Loliai¥l doglie dpiet] sl jlas! Slie 7o) 0 LS . 2ouall
Lol el Jlby 43801 aasd! g ds 3adas Jol oo (8 JSCadl Jlasl) Jayll Leys @5 ibivall cilias
sgeall bl ouzelly Lgarll s (el

Otto- Mohr- Jse s3gl ymlee 3 Asatll Jlael cldaSinl Com cuudys J] liuall Jas @ laasy
Aaguall Lluysd! o Juadl balys cnals ol o0 [FI ol cubsys 032019 seuqs @ Laboratorium
laca) Cis) 3geall (aldl mlhadl e 5 mm oy Zeelidl Blaysdl oo 2ads pung @3 o Asanll 2ageg
5mm clowy 260 Lacl Aplays 2ads puog o3 sl Aadall sda § aele Sls Laaall @iy Gigs SO el
oalanll BT e cagasil] LSO 33y Al (oled Aalad suad¥l Laas cuos lles mowdl sutles uay
& Jeall Judad 28y 58er 10 MM i, S graeed)] sl o Aiainte JalSIL Lgarll Aads ASlow il
(8) sl

Lailiad — A 1oyl sUull Bale — Ay ga <1 Alua a0

LA pualie a5 B g e (62) e



£2022 (e = Js¥) 3380 - (pudhad) el - i gl s b 55535 gt sl Alina - a5 sl gl Al

adudd! bas (dgadl Jlee¥ ologald b8 sgas :awdll I LYl (o tageall Lgds zlu) (8) Jsadl
" el Byl e Al Aadall Gardas « iga,SII
Fig. (8) Production of the column reinforcement; From top to bottom: rotatable support for the
reinforcement work, pressing in the carbon reinforcement, applying the second fine concrete layer
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Table (5) List of all routine and accompanying tests
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FRPRE S
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Al gl sl ol ~og bl s
A L] i - 42
d =150 mm, h=300mm La ol daglae; L9l Jolas
@6 mm; =120 mm R RS AL S 10
ebudll 358 = -
@12 mm; =120 mm aéd) daglae; Ligyll Jolas 10
Aoeldl lu s 40 x 40 x 160 mm 2 55 490 Lliail daglan / clizil dnglan 8/16
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Fig. (9) Column tests; left: basic experimental setup, right: arrangement of the sensors
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Table (6) Characteristic values of the base body concrete (mean values from 42 tests) sl

dalac¥ &lslaYl dalac¥ cilag sl Woyll Jalaa

G nax [N/mm?] € max [%o] E.m [IN/mm?]
11 49.3 -2.7 29.688
1.2 51.0 -2.6 29.568
21 52.5 -2.7 29.931
22 49.6 -2.3 32.460
23 53.5 -2.7 31.789
2.4 521 -2.6 30.493
3.1 54.1 -2.8 28.383
3.2 54.6 -3.0 30.527
4 46.3 -2.9 25.636
5 59.4 -31 31.369
6_1 46.9 -2.6 28.183
6_2 48.8 -2.7 29.444
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G nax [N/mm?] Emax [%0] Ec [N/mm?]
712 56.4 -2.6 34.656
713 59.6 -2.8 32.752
Bdasugll dogall 52.3 2.7 30.349
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Table (7) Characteristic values of the steel reinforcement (mean values from 10 tests) 0l

aas )1 Hlasl die

FIPININES Rey [N/mm?] 563.3
@6 mm; =120 mm glaadl i R, [IN/mm?2] 613.1
La bl Jolae E,.. [N/mm?] 180.294
2l i o [N/mim] :
@12 mm; =120 mm glad¥l u> R,, [N/mm2] 613.5
Lo,kl Jalas E.. [N/mm?] 176.253
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Table (8) Characteristic values of fine concrete from routine and accompanying tests

[13]

sl e sl igall as
L ygdige — sl e addl doglan R; [N/mm?] 7.05
40 x 40 x 160 mm? Loa sl Zoolae R, [N/mm?] 76.1
L ygdige s sl e addl doslan R; [N/mm?] 8.51
40 x 40 x 160 mm? Loa sl Zoolae R, [N/mm?] 85.5
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Figure (10) breakdown images of the reference columns; Left: Column 1_2, Middle: Column 7_1_2
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Deformation- force curves, top right: column 1_2, bottom right: column 7_1_2 03l
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Table (9) Maximum machine force applied

2ol 5oall el aell 2 dall 5yall pad¥l axll
sgeadl 3oy F o IN] sg0adl 3oy FIN]
11 2639.1 32 8888.0
12 2084.2 4 4799.5
21 4621.6 5 5807.2
22 4999.2 6 1 5318.5
23 5644.7 6 2 5132.7
2 4 5852.6 712 5057.0
3.1 84411 713 4671.5
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Fig. (11) Failure patterns of reinforced columns; left: column 1_1, right: column7_1_3
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Table (10) Comparison of the measured and calculated loads

Aulall c¥gen! gl | c¥goznl] gl c¥goznl]
N [kN] JL [5] 3 [kN] JL [5] 5 [4] 335

11 2639 2517.0 2527.8%

12 2084 - 2209.2

21 4621 - 4923.5

22 4999 5170.2 5209.3*
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L [kN] [kN] JU [5] 3 [kN] JL [5]5 [4] 345
23 5644 5486 5526*
24 5852 5348 5388*
31 8441** 9488 9559*
32 8888 - 8884
4 4799 4935 4999*
5 5807 5759 5793*
6 1 5318 4787 4826*
6 2 5132 4961 5000*
712 5057 - 5617
713 4671** 5929 6095*
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Fig. (12) Percentage deviation of the measured and calculated load 03]
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Table (11) Comparison of the influence of the column parameters on the bearing capacity
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