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Rehabilitation of Reinforced Concrete Beams

Wail N. Al-Rifaie’ Nazar N. Ismaeal® Al-Hamza R. Abdullah®
L3Civil Engineering Department, Tikrit University, Iraq
’Environmental Engineering Department, Tikrit University, Iraq

Abstract

The concrete structures are often exposed to damage as a result of several factors
including, environment, design, and other factors, and because of the high cost and long time
needed for reconstruction of the damaged buildings, it become necessary to consider methods
for rehabilitation of the damaged structural member in the building. Several methods for
repairing the damaged beams are considered in the present work. The technologies of
ferrocement, steel plate, fiber carbon reinforced polymer (FCRP), and the technology of the
developed nano cement mortar are used in the present work. Twelve reinforced concrete
beams (2200x200x150)mm were cast and tested under point load at mid-span to limit the
failure. The ultimate strength of rehabilitated concrete beams using the techniques of injecting
nano materials in the cracks or having a jacket made from reinforced nano cement mortar
exceeds 80% of the ultimate strength of the beam before rehabilitation and exceeds 99% of
ultimate strength of the beam before rehabilitation of rehabilitation by fiber carbon reinforced
polymer (FCRP) with low cost compared to other techniques that used in research.

Key words: Ferrocement, Nano cement mortar, Steel plate, Carbon fiber.
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Compound composition Chemical Composition Weight (%)
Lime CaO 62.28
Silica Si02 20.82
Alumina Al203 4.34
Iron oxide Fe203 4.20
Magnesia MgO 3.15
Sulfate S03 2.45
Loss on ignition L.O.l 2.33
Insoluble residue I.R 1.26
Lime saturation factor L.S.F 0.89
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Physical Properties Test Results
Fineness (m°/kg) 265 230 (m°/kg) lower limit
Initial (min.) 110 Not less than 45
Final (min.) 225 Not more than 600
3 days age (N/mm?) 215 Not less than 15
7 days age (N/mm?) 31.2 Not less than 23
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Compound composition Chemical composition | Weight (%)
Magnesia MgO 2.1
Sulfate S03 2.35
Loss on ignition L.O. 2.25
Insoluble residue I.LR 0.8

il IS /ey HS5 dnala il yiida (e Lgale Jgeanll &5 o3le | J saall il

o gal) (38 Criandl 2l 3l (alliadll (4) Jsaad)

Physical Properties Test Results
Fineness 425
Initial (min.) 116 Not less than 45
Final (min.) 130 Not more than 600
3 days age (N/mm?) 25.4 Not less than 15
7 days age (N/mm?®) 37 Not less than 23
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(ASTM C33-01) o &bl 5l g i) ol g paiadl co i) AU 125l bl (5) s

Sieve size Cumulative passing % Limit of ASTM C33-01
(38-in.) 9.5-mm 100 100
(No.4) 4.75-mm 92.96 95 to 100
(No. 8) 2.36-mm 84.33 80 to 100
(No.16) 1.18-mm 77.89 50 to 85
(No. 30) 600-uym 59 2510 60
(No. 50) 300-pym 19.83 510 30
(No. 100) 150-pym 4.25 0 tol0
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Limit of ASTM ¢33-01 Cumulative passing % Sieve size
(2in) 25.0 mm 100 95 to 100
(12in.) 12.5mm 73.4 50 to 85
(No. 4) 4.75mm 3.3 Oto 10
(No. 8) 2.36 mm 0 Oto5
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120
100
= F/
'% 80 ///
; 60
E // == max.
E 40 min.
20 /
0
1 10
Gl A sl Jilall (2) Jsdd
= At uall Lpypal) mili sl ailad iy (8) el aa
Al il Al ) gl el a8 aasd )
RN 2110 5 Jshll mbaall il a1a12 ydady il o

= Sl S ) e e sl ) o
clgiad) Joalisale) (8 A DU alal il Syea
2 Gy 41127 a3 JSY) Al Al
oail—ad 50 (9) dsrall 5k 2.5 Sl

Ayl 8 Aeadiusal) Al SDDLY)

C*“ NJKIRLN ¢ At ) Sl <5 ué_?ﬂ\ cﬂ;! Ol alald
Aia—a s il el Ball il o aLa 6 i
O (7 ) dsaadl s cdalill sale) 8 danai )
Al ) 8 aadisd) sl (ailad

s/ rilia

Jsaall 58 pcatdl Al jal el el Jalisale)

) 8 aaiiinaall ypaall il sa (7) Jsiall

Dim. (mm) Yield strength Ultimate strength
(MPa) (MPa)
d 6 mm 490 582
® 10 mm 543 712
@ 12 mm 547 730

sl 52 b Aariial) pyaall milial) (ailiad (8) Jsaad

Material Thickness (mm) Y|el(zl\ilt3r:)ngth Ult'm%\i:;;ength
Steel plate 528 588
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Type of Opening Diameter | Yield strength Ultimate
reinforcement mm mm Mpa strength Mpa
Wire mesh (1) 12.7 1 440.7 488.9
Wire mesh (2) 25 0.4 320.5 350
S5 Aaals / 2SSl Anigh) and ) yiide b odle ] i) e J peasd)
Ll
(CFRP) LSl salssll it Ltiall s a0 4.8 ¢ 33 (211 o33l o
gs 00 e Ul Ghaid S Adlidal) alalfall o iy 2T ans

aliadl 46 4 (Sika Wrap Hex-230c)
G (1) Jsaalls ddeall dual) 3 Al Al

5] Al 3l (atliadl)

Al Al cl gl Joalisdl o) 8 deadi iy
=) pailas G (10) dsaall 555 mziall
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Al o) L Aaadiaddl 21 (ailiad (10) Jsaad)

Type of bolt Number size Ultimate ST(e;\lar strength
Steel bolt 4.8 17 17.3

il IS/ (o gl s e b oShe | il e J gomall o5

(Sika Wrap Hex-230c) ¢ s 4 s I GLIB 4l 5l paibadll (11) Jyaad)

1 Fiber type High strength carbon fibers
2 Fiber orientation 07 (unidirectional)
Warp: Carbon fibers(99% of total a real weight)
3 Construction Weft: Thermoplastic heat-set fiber(1% of total a
real weight
4 A real weight 225 gm/cm”
5 Fiber density 1780 kg/m®
6 | Fiber design thickness 0.13 mm (Based on total area of carbon fiber)
7 Tensile strength 3500 N/mm”®
8 Tensile -E-modulus 230,000 N/mm?
9 Elongation at break 1.5%
10 Fibric length / roll 2457 m
11 Fibric width 305/610 mm
12 Shelf life Unlimited
13 Package 1 roll in card board box
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Density 1.31 Kg/L mixed (Comp. A+B)
Mixing ratio (A:B) by weight 1:4
Pot life +152C :90 min.
+35°C :35 min.
Open time +35°C :30 min.
Viscosity Pasty, not flow able.

Application temperature

Substrate and ambient temperature:
+15°C to +35°C

Adhesive tensile strength on
concrete

Concrete fracture after 1 day (>15°C),
on sandblasted substrate

Tensile strength

(Curing 7 day, +23°C)= 30 N/mm”

Flexural-E-Modulus

(Curing 7 day, +23°C) = 3800 N/mm”

eaall 4dy i) 3 80 (e odlef il e () ganll a3

(silica fume ) salal SlhasSll Jilaill (13) Jgaad)

14

Pozzolanic Limit of Chemical decomposition Limit of
o ASTM ] ASTM C1240-
activity C1240-03 Oxides Result% 03
L.O.l 3.89 6% Max
SiOo, 91.03 85% Min
0,
121.5% 105% AlLO, 4.02 -
Fe,O5 0.32 -
SO3 0.73 -

Sl Aty 5 ) (pn al Al 38 e el

(silica fume ) salal 4 5l (ailadll (14) Jgad)

Particle size < 1 Micro meter
Specific gravity 2.2
Surface area 13-30 m“/gm
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Sio2,Al203,fe203%

SO3 %

Burn Loses%

95.53

1.37
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Parameter Specification
Specific surface , m2/g 200(160-240)
Ph-value 3.7-4.7
Loss on drying, % 3
Sio2- concentration, % >99.0

Dl L el 5,0 i Gl 2 38 e el 5

p2ausall I Galell el Gailiadll (17) Jstad

Main Action Concrete Super plasticizer
Form Viscous Liquid
Color Brown homogenous liquid
Relative Density 1.20 — 1.24 kg/l, at 20°C
pH value 6.42
Freezing point -5°C
Total Chloride lon Content Max. 0.1%, Chloride-free
Equivalent Sodium Oxide as % Na20 Max. % 7

A RS (Wiew /ele ) %40 -
hend) zald )

Coea Gales Blup ade 12 5ead &
e ale12 Lk (s Ciales 3 adl) Ji8 uinnl
Claal aladiuly ] daglial 1okl s Jandly ey
il CilS g Adiall Jsha (e ale250 JS ale10 kb
LS5 (2200X150) (e gk ale2200 J sk
(3) Sl & e s

—1150mm |-

el @Jﬂ\z)m\wa)@i@umu_\;dw\?ﬁ

el
e ialleay Ll @ il e e\;';:u.u\ &

EIRT | E PXEGRON W IR EN RUAANEN

Ll S ALl

HEPATEPAN

LS (oA Bl [ael bl [ian) (3:1.5:1 ) -
Rl o LeBa ga Jpanl 5 Al A3
Al sl andl 4puilly (25 Mpa) bl

]

‘ )1, 4g12mm
200m ?_/ 210 @ 25mm
J 9

i

1O

2000mm

Jea) Jaglasi 2yl Al Jpualii (3) JS

Cvians i) adalie 4 aladiinly Jualill ale) -1
Aonaal) adaliall 4y aladinly Jalil sale) -2

A g S Gl A aladialy Jalid) sale) -3
Al o sall adalie Ay aladiinly Jalil sale) -4
Al o) sally ) A aladiuly Jalill sile) -5
Cilaw g il) adalia 485 a)adiuly Jaalill sale)

paall Guue lawgyd ahie Cudi oy Jreadl
Ll i A5 aladiuly

5 paial) Al Al ciliad) Jaali ale) 3ok

A ddl) as ) Al Al Gliall Jaead &3 of any
e @l YIS 5 el sae aladiuly il Jal sale)
3‘)‘)‘.'4“\_5 4.4..1@.1& ;\‘);\2“ C).u.a! . UJJY’ 4-&)4-”
.LuLu.. ¥ c-\‘).; Ll ddaie ‘_é a-:.‘-'L“’,)AM wj e
Aladinly dgle Al Agall bt 3 e (W/C=0.4)
Aol mlasall 205 5 400 eSS (5_mi5S) 4adald
alasinly dpla Al i) Jali sale) ; Ll 4hs salf
s Ay b))




03 A5 2l (2017) (4) 24 Apmieh o 5lall iy S5 dlaa 16

o Gl e ki (17KN) el sl
plaaiulyy by (34KN) 4ieslia &5 Caclias
(100KN) dasll & 2 ssbe gl Jalaa

Db WS gl e S

N= applied load / shear strength of bolt
(Kn) =100/34 = ~ 3 Bolts..
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t
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2 mm steel plate
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