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The Exam Consists of Four Questions in Two Pages 1/

{ Qucstlon { 12 (25%)

What are the dliturences between r ep.ur and strengthening of concrete structurcs State
briefly with clear sketches the difterent Quer%thcnmgD methods for concrete structures.

b- What are the objectives of the evaluation of concrete structurcs. Describe using clear
sketches thiree different methods used for in situ evaluation of concrete structures.
“c- ,Deﬁne ihe term “compati ibility™. .
d- stcuss the compatibility of tkm fol‘u\\mg repair mortars with base concu,te‘? Wluch one
‘can be chosen as-a suitable rcpair material for an industrial building? UlVC you 1caso
Mechauical or Physical ~ Base Ccementitious X oigm@:r modlﬁed Resmous
Property concrete ~ Mortar- NMortar Mortar
Modulus of Elasticity._ | 20 25 200 15
- (GPa) . ‘ o :
Coefficient of Thermal 11 10 13 .- 28
‘Expansion (C‘l x 10'6) J
_ [ MaximumService |, 200 7300 I
; } - Temperature ("C) ‘ R L - _ R
|~ Drying shrinkageé = | .. - _ 1500 600 - | 150
(ihic.ro—strai_n) - - - ]
/';v
Outsuongﬂ (25%) / /

a- Differentiate between sach of” tlm
prcpaxatlon . : - oo
o 7. . - Xush hammus - \\’ALM ]ctimg Sand bimmw :

ml owing tectiniques mr,d for babc concretc surface

b ”Durmg iho evalualton ofa femforced concrete structure. il was wncluded z‘hal some-
e mznfo;ced conc; ete columns in the basementﬂoo: need strengi: hening.” _
— - state and expl 1N bneﬂy_posuble methods can be used for the strcnfﬂﬁemnﬁ of thbsg .

_elements (columno) '
c- Outline with clear sketches test set-up for each of slant shear and
between repair materials and base concrete.

pull- off tests of bond

d- Tension core pull-off test was cammied out to estimate the bm id strength between
mortar and base concrete, four steel targets of diameter 50 mm were glued to
surface using a suitable adhesive material. Test results were a3 follow:

repatr
repair

Test No. Failure load (KN) Mode of failure
1 7.0 Base failure )
2 #6_.1_____‘! Interface fatlure
3 7.4 I Base failore | -
4 : 5.5 | Repair failure ﬂ

t) E%tlm'itc cach of tcmlh, strength of base concrete and ihe average bond strength between
1epa1r mortaI and substrate ccnerete.
i E—

u) Usmu nmt sketchc show the mode of failure for each test.
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. Question (3): (25%) L

/1 State down the two types of HULCUOR points and the apphcabihty of edch type
2. Compare belween each of the following:
+ \# a. Injectionand grouting repair ‘techniques.
. w0 b. Concrete replacement and jacketting techniques.
- c. Wet process and dry process in the shotcrete technique.

J¢» d. Configuration of I'RP smps f01 {lexural or coafinement reinforcing in RC
columns. :

3 In a tabulated form, illustrate the-major drawbacks of st tchmo eraxr tPchmque and
the corresponding precautions to overcome them '

~ What are the problems dSSOul&th with the technique of bonded steel plates used f01
repairing RC bcams‘7 On letches show- how thesg problems may be solved

( 211est10n {4): (25%

1. Um, g I a sketches only, expla.in the following: (R

aited.with, aud without bond breal\er
b, Armrangement of injection. mpples along a vcx’ucal cracl\ showmg the direction
of Injection - : - . :
'.Ac'."Drffelcnr schemes of strcngthemncy 1solatcd RC iomlno usmz tbe Jaék_eting
technique : : -

d. Mclhod of (M};_crtlon followed in the dr ypad\ mPt‘\od

A “Deep active crack in RC slab on r'ade- repa

2." Choose the most: %mtable repalr/snengthenmﬂ tcchque for “each” of the fohowmcr

duect\ in concrete elx,ments_U W g SR S o e

o a. Deep inter-connected CI‘deS in RC beam~ * PR -
zié”’j/b Fasy access of corrosive. Lmtenalq Lol ins fl S T I

57~ c. Repair of deep inter-connected voids in RC abutments under water level -
_d- Doubling the load carrying capacity of RC columns
e~ Thorough holes in RC walls iy ba Lol
K Bending cracks in an isolated RC footing

¥

3. Mention the possible alternatives used for cach of the following processes in
concrete replacement repair technique:

a. Removal of surface deteriorated concrete
b. Cleaning of rusted reinforcing bars
c. Enhancing the bond between old and new concrete

. ;) pi 7ot Best Wishes
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Atempet ali Qu sstions (The Exam. Consists of 4 Questions)
Question (IL | - | '

1. What are the differences between rehabilitation and strengthening of concrete structures. Using neat
sketches only, discuss the different strengthening methods for reinforced concrete columns.

2. “In the majority of concrete structures, cracks do not result in structural failure, but they can result
in definite loss of performance of structures” _

Discuss this statement. Using clear skeches, show the crack pattern due to each of the followina:
Over loading for R.C beams — Settlement of plastic concrete in forms — Alkali Silica Reaction.

3. What are the objectives of the evaluation of concrete structures. Discuss each of the following for

loading test carried-out to evaluate a reinforced concrete flat slab w1th span 7m in long direction
dnd 5m in short direction given that: - IR -

slab thICkl’lCSS = 23 cm, floor cover load 130 kc/m hve load =500 kJm ) -

c. Measurements _ » “d. Results obtained & final conclusion '

a. Test load - © " b. Test procedure

4. Define the term “compatibility”.Discuss the compatibility of the following repair materials with
‘base concrete?. Which one can be chosen as a suitable repalr material for the repair of concrete
ﬂo sofan 111duS rial meat plemt Give ycm reasons.

i mecnamca! or ru)uc‘u e Rag e —-Cenien .t’xous " Polymer mo §z-.€§ | Resinong, 1
~ Property . .- i c"o'ilcrete--‘-r - Material  Material - - . | Matérial |
Modulus of Eiasti'cisy o200 T T 25 20 s
(G.Pa) D N
- Coefficient of Thermal O N (A 13 ) 23
Expansion (C™ x 107 . . . o]
~ Maximum-Service - | - 200 . >-300° 200 60
' -Temper’hthré(oC); T P L P
" Drying shrinkage™- |-~ -~ |7 - 1500 -~ |- = - 600 . .. 150 . |- -
_. (micro-strain) - S ST o B P
Question (2):

1. Torsion pull-off test was carried out to estimate the shear bond strength between a polymer
modified repair mortar and base concrete. Four steel targets of diameter 50 mm were glued to
_repalr mortar surface using a suitable adhesive material. Test results were as follow:

. : Test No. Torsional moment at NMode of failure

iﬂ failure (N.mm) _
1 260 Substrate fallure —
2 230 Interface failure
3 280 Substrate failure ~—
4 240 [nterface failure

a. Estimate each of the torsional shear strength of base concrete and the average shear
e U N
bond strength between repair mortar and base concrete.

Dot v
b.  Using neat sketches, show the mode of failure for each test. Give your comments.

o
e
o)
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tests and patch tesls for repair works. Discuss

s between direct loading bond
tween carbon fiber reinforced polymers

2. What are the difference
ate the bond strength be

test. method carried out 1o estim
(CFRP) and substrate concrete.

o

s affect the bond strength between repatr materials and substrate concrete.
for base concrete surface preparation:

% ' 3. Explain the main factor
h of the following=techniques
N O Trtediion

Differentiate between eac

,% Push hammers — Water jetting — Sand blasting . ) vaccom Pelywes Tep
. . . Y C—:«au'\'i‘hé
uestion (3): Lbawthetona L) 2o Ting madsesting
- U B 3 . 3

cracks of both, active and dormant types.
<

1. Mention the different methods 10 repair concrete
S-k\-_\—c\(\.\ﬁ‘\%

Explain the suitability of each method

In-case of using internal injection nipples, what are the requirements for the nippie configuration

and for-the fixing rocedure? - S = 2 - TV s (B Lant 2 -

] _ gr J\/ /S H - %"\_r\c_\lq : ALt 75)") oy - L_ i A :__2'/ e
N S - - . - ‘
egnation method: compared with traditional

Note down the advantages of vacum polymer impr
. g R e e

pressure iny ction method to seal very narrow cracks in RC elements
’ T T T (r"/\’_%__\,, a_s e .

~ Mention the different materials and tools necgssary. for-concrete replacement technique
" R s D= R gl D S, s -

fl ‘.\‘/\/‘(/'f/‘)‘ ;./.)l ‘ \Z'\ LJ /_‘7 C/—_J"_‘J ST . (.5":‘-/'«*/.;:\; {” - C‘/_,L-\-_;“ C_ﬂ_/“/“/ N A '-/7} t?_/._,_:/ o= ) .-
Explain with sketches the possible methods to apply the repair material to existing old toncrete
m thg c_gncre_te r_epllac_eme_‘r}t techmque g -&' L) @_ : M e Thed g\j} a ?p\ Vo
ke (AN e e : = . 7?1 AR
yUESGTG (Try T T et o e R - . B . - : /%':j “T LV .
1. Using neat sketches only, explain the following: il - TLTEmST T e
- T Shgor : M VAV et ' '—:% . - .- .

RC jackets for concrete beams
d cast.in the concrete replacement T

wed in the drypack method
hoique -

" _ . Different geometries of
_h. The technique of forman
¢ Method of compaction follo
e d%echamzm of air removal during epoxy injection teC
ngthening téchnigue’ for

epair method

each of the following defects i

“2==-Choose ‘the:- mo's{,'—silitabl_e repair/stre
: ‘conorete eléments: =~ - - : o . . _

- _a. Asingle narrow crack in RC beam. injection -

b, A suigh, decp; wide crad fn RC wall. B s e T LT

{ P Map rqra.cks_m_,RC-slaja__ Nacom iy g oot - S i b

o d. Surface inter-connected voids 1 RC column. 77 i Dol 8 s ' . -
¢ Bending cracks in an isolated RC fooling. Facweives

£, Splitting crack in RC column. steg o th with lnis
s associated with the techaique of bonded st
how these problems may be solved

eel plates used for repairing

R %g - DB “What are the problems
; RC beams? On sketches, show

4. Tixplaining the technique on sketches, W ccked while applying the spau
shortening techmque fod strengthening flexural rembers? Also, advantage of
or the

the noving prob which may o used in this technique? What are the possible alternatives f

hat are the items (o be ch
how can we ke

v .
\ intermediate support? : _
' . ) e \-’\QQ\\CV

Jd ~ Good Luck i Ve oo T

= — L Lmﬂ\ I _ . . .
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Atempet a}l Questions (The Exam. Consists of 4 Que%txom)
Question (1):

1) What is the difference between maintenance and protection of concrete structures. Using neat
sketches only, discuss the different strengthening methods for concrete structures using additional
bonded materials.

2) What are the objectives of the evaluation of concrete structures. Discuss each of the following for
the loading test carried out for a reinforced concrete cantxhvel slab of free length = 2.0 m, -
thickness 20 cm, tloor cover 1350 = kﬂ’cm" live load = 300 kL'/cm

a) Test load : b) Test procedure
¢) Measurements d) Results obtained & final conclusion

3) Discuss the effect of each of the following properties on the compatibility of new concrete to an
- old base concrete:

" a) Eally drying shrmkaue and creep .- B b) Modulus of elastjcif)'/.
¢) Thermal expansion. R d) Poisson's ratio

. Question (2)

1) Rewrite each of the tollowmo statemcnls and Put sign (V) or ( X ) beside each of them Ifmc
statement Is wrong; put-it in the right form: - -

a) In the majorlty of concrete structhres-tracks result in structural failure.

b) Repair can be defined as to replace or correct deterlorated damaged, or faulty materials,
‘components, or elements of a structure. : ) :

- - ¢} Increasing the eross-seotion-6f -conerste. eclumm is more-significant strengthénihg method than-

' _increasing the cross section of concrete beam:. ) "

d) Plating additional reinforcement in the tension zone of a reinforced concrete beam (protewted by.
an addltloml concrete cover-by shoterete) is a very effective streno”chemncr method.

) In the case of structural’ repair, loaded in compression, the repan material must pOossess very
high creep potential. . :

) When selecting a non- s*ructunal repair. material, daswnezs should ensure that 1epau matel ial h as-
a hxgher value .of modulus ofelashmty than base concretc : -
-.0) Cementltlous bassd materials has similar coeffcxcnt of thermal expansion.

h) Creep of repair-material increase stresses due to shnnl\a% at the mten‘ace betwecn it and base N
bOnGlCtC - -

. 2) Slant shear test was carned out to estimate- the shear bond strength between new concrete and olu
| ~ basc concrete. Four composite specimens of total-dimensions 100 x 100 x 400 mm were cast and

tested in compression. The angle of inclination of the interface to the horizontal surface was 60 °
B with respect to the horizontal surface. Test results were as follow:
] Test No. Failure load (kN) Mode of faifure
4 ud —
! L 180 Splitting
) - 2 150 Sliding
! 3 160 Splitting
! 4 143 Sliding
o a) Calculate the value of the average shear bond strength.
ot b) Using 1 neat sketches, show the different obtained modes of failure.
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3) Using neat sketches, discuss some applications for each of the following materials used in repair
and strengthening works: ' '
~ a) Carbon Fiber Reinforced Polymers Laminates. b) Bonding Coats.
¢) I'tber reinforced concrete. d) Shear Connectors.

Question (3):
1) Answer the following questions: _

~ a) What are the main differences between crack injection and crack grouting techniques.
%b) Compare between the most used resins for crack injection in view of strength, hardening time

A and applications.

/h

c) Give the differences between concrete replacement and jacketing techniqués.
d) State down the two types of injection points and the applicability of each type.
2) On a sketch for vertically arranged mJectlon nipples, show thu components used 1 n crack anCCthn
-techiiique and the direction of injection. - -

Jv) Choose the” most sultable lepaxr/st}enﬂhemng tf—*chmque for each of the followmg defectq in_ .-

533 e

-~qconcrete elements; <7 4 Seie
( a) Wide and very deep str alght craclw

b‘) Deep narrow Cracks Cel i

L(J Nﬁa_ c)/Lumtcd number of very narrow cracks<~ - d) Insufficient stiffness oz ety o iturtple
-e) Easy access of corrosive matérials S~ f) Large number of hair ceacks in RC slab
——— Ros T\r(,/-r\ijxfoi]r\)". NIV RTE SO DE “‘\f'-'-‘I-‘"“
- Question (4): : ¢ _ . - P 4
1) Using neat sketches onlv, explain the followmo / e f
e a) Examination of the activity of structural cracks in concrete elemcnts S /,\/ e
/ . i :
_;,v ) Shape of joint after blanketing of active cracks w1tn and w1tnom bond breaker. o
-r» ¢) Both of rooting and sealing of cracks. : .- : e

) Explain, using neat sketches, the precautlons to accommodate the movemcnts of active-
/

cracks when using blanketting repair technique. -

-

3) Explain, briefly, the main steps of vacuum polymeL xmpregnatlon 1ep°ur techmque for

‘the column. The ﬁgure Jllustrates ﬁe con&t on of the column 511(7}363[ a remedy pr! ocedure- |

narrow cracks in RC slabs - -

A4 A ground floor column in a remdentnl bulldmo was aftecte by the deficiency -in

_. construction worhmanslnp tnat manifests honycombing of the lower portion of the column.
< The field’ tests showed that the honycombing infiltrated- throu0h the entire cross section of

for the column - T _ T

Good Luck | -

N
~
[\

[
(-]

T
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Atempet all Questions (The Exam. Consists of 4 Questions)
Question (1):

. What are the dxfferques “between r;};éﬁr ‘and strengthening of concrete structures. Draw
relationships to show the effect of each of :

repair — maintenance — protection
on the service life of siructures.

2. Core and loading tests were carried out for the evaluation of a reinforced concrete flat slab of
thickness 25 cm and span 7 m (in both directions). Tests were carried out and the following
- results were obtained:
a. Three cores of diameter 10 cm and height after cappm<T 12.3 cm were drilled, and then
tested in compression. Failure loads were 13 — 12.4 — 11.8 ton respectively. The reqmred
characterlshc compressive strcnOth of concrete af*er 28 days =250 JL\g/cm2

" b. Loading test was carried out. for the slab and deﬂecuons wererrecorded in three posmons
Test results were as follows: — . - _ -

_ | -  Position . L 2 3

“Deflection - :  After 24 hours of loadmc' e 6;‘6 7.1 18.30
{(mm) - | After 24 hours of unloading 132 | "1.65 447

- Discuss the xatety of the tested slab.according to the reoruuements of the Eoyptlan
Code for concrete structures.

ii- If the tested slab failed to satisfy the requirements of the Egyptian Code for concrete
~ sfructures, state the poss1ble ways to make 1t sate

Usm0 neat sketches d1scuss some apphcat»ons for each of the followmcr matenals used i’
repair and strengthemng works: - o - ——

a.-Carbon Fiber Reinforced Polymers Lammates. b. Bonding Coats.
c. Glass Fiber Rei nforced Polymers Sheets A ’d. Shear Connectors. -

Ouestlon 12)

1 Diflerennate betwe 1" each. of- th_e'.'foll-'ow{ug" 1cc}miqués .uséd fur base concrete surface,

pregaraﬁon e R - T
: ' Push hammers—V\’atcrgethm’—S'md blastmﬂr L =

2. Deﬁne the term compat1b111{v” Disecuss the compat1b1hty of the followmO repair matenal
with base concrete?. 'Which one-can be choserL as.a su1tablc repair matenal for the repair of
concrete floors of an industrial meat Dlant’? -

Mechanical or Physical Base Cementitious | Polymer modified Resinous |
Property | Concrete Material Material | Material
Modulus of Elasticity 20 25 -7 20 15
(G.Pa) h
Coefficient of Thermal 11 10 13 I 28
Yxpansion (C! x 10 |

Maximum Service 200 > 300 - 200 ' 60 '

Temperature O ‘ : : ! |

7 /ing shrinkage |  ---- © 1500 600 ' 150 |

L' (micro- stram) : % \

fe

Discuss the effect of-the use of each of the three repair materials on the predicted service Iy
of the repaired —struuturg.
o . 172
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(8]

Slant shear test was.carried out to estimate the shear bond strength between new concrete and
old base concrete. Four composite specimens of total dimensions 100 x 100 x 400 mn1 were

cast and tested in compression. The angle of inclination of the interface to the horizontal
surf’xce was. 60 \\’lth respect to the horizontal surface. Test results were as follow:

Test No. Failure load (kN) | Mode of failure
1 - 180 Splitting
2 150 Sliding
3 160 ___ Splitting
4 145 Sliding

~ a. Calculate the value of the average shear bond strength.
b. Using neat sketches, show the different obtained modes of failure.

Questlon(?’[ . _ _ B . . | .
1 Compare between each of the followm0 o '
InJeCtLon and grouting repa1r techmque> -

Concrete replacement and concrete jacketting techmques

Wet process and dry process in the shotcrete techmque

Configuration of strengthemng RC columns using FRP strips for Flexural or FRP wraps_

for conﬁnement . — Jar “'-'!’

SN .Cf'.m

What is the n}est eomm@n recommendat1on of the: techmoal report for shotcrete “repair
he—,

techmque //\; ich oontradlcts “With the recommendatlons of ‘the. ACI Manual for this

techn1que’7 Wnte a hS[.Gi’ tne possmle mateuais for use in shotcrete application techmque

i

Using tieat sketcnes oiily; expiain the following: - ' T T
 Different geornetries of RC jackets for concrete beams.

--b: “External | prestressing of RC beam to control existing bending crdcks

c. Deep: active crack in RC slab on grade repaired with and without bond breaker.

: .
S O TrenCT e
B T Y T R 0y ey e ey v
' R ’ i, By

. 4. Give examples for the most common mg&ats’ﬁsed n crack anCCtIOﬂ Note do“n the .~
l E'l . desirable quahtles for EPOXY 1nJect10n resins:’ : - i
TR -
e Questwn (4) WJ‘%’ (/f) CEO@[C% _ .
T. Choose the most ultable repzur/strengthenmcr techmque for each of the followmfl pumoses
- 'Rehatuhtatxo of hm1ted active- cr_aoks in RC road slab. \o' 1 K w5 -
'Remedy of crazmg of RC slab.” - - X ) '
Proteotmg stéel réinforcement from access of conosgwe m_edm '
Repair of surface inter-connected voids i in RC column.
Repair of deep inter-connected voids in RC abutments under water level.

-

2. Outline the basic features of the drypack repair technique. Explain the type of deteriaration to
be repaired using this teckinique.

5 3. Sketch for the possible failure modes of a reinforced concrete member Suwc*tnened with

% carbon fiber laminates.

4. Compare between vacuum polymel umpregnation repair technique and polymer injection
technique for narrow cracks in RC slabs in view of: materials used, mechanism of air
removal, value of applied pressure, and need for entrv ports.

GOOD LUCK



o

] -_h\ln ”\‘\42{)@5\ <-—Q\-) \‘n’(("er—\—'c.ﬁ oo n“(s andl.™ PP

C 4

VN ij‘—\- &.‘ \

i r:r/ OI'G_JH;L

e ‘/\ H
ZXT@;_{«\&{Q ek

L ) ﬂCﬂe/]L’ Re /Z('w;r +*_ - 2l )5 oo i s "

! i - - RO S _(_j L:--J)‘_y_e&,i)‘ —".'!” g }_;,5) (/,/ /2.2

c

S_I
&

3

]

\

. ,;\ i - I,. — ~ : N i
i /-bsl/ﬁé'hulrlv-’ﬁc(‘,) iz (Ee U] (25,55 ’;)[/Z)r:_{:__),
| SES ramtal L g 2e0s bat e
a3 I — = i - |
s i : ; -
ey :
' C) Ny RidCesd = . IR 1
r a0l | - / 5 {/ i Lo (415"‘/, ) éi/
AN T G 4I ~
v)IT%J '15 N\p 2’{’}1",,2 14
- | = L " 7 -7 b -
-;\ | <; t :~ M- EaR N B ol [} Voo T A
B} Rt S e o)
D'rf/ ( LAJ)’/L P,—” Qs ‘}, _).’J PSES i_‘il
ITIER =7 - A
- L’J JSU\ q;_LA 'rAJ L_‘,‘-}x,‘& j’ D
eﬂ- Bifacdss] | ;\'_4-.'\>{r('rgg
T T - -
L} ?WF_\_S_Q k;'-‘fe-_- (—'lﬁ- "‘»_(o.v(.‘c‘SQ “Neerd ol '-1\‘5~(p'<-§\;.~r.e
. N - 4 H Lo : B T r

s




EERREREEN I |
_ ] S
W [ NN - y
T3 ] __,.
©oat : . o .
S Ty A
L E |
| S b
| . 1 |
. & - .
A | uE
: |m_ ! \v ld
o _ Y
- =
m <
<
! X
T Y
—— P - ] NN
d : R 1| A
RN v 1 i A
3 i T 0
| : =
m | // /// 1 g P ‘
i . _ ) - ] J |1
H X H I / * I
- ) . | I_M ._ _ : A : \
R W g 194 < — |
VA_ W— _ : I 4 /m r
\w > _ g S : =
} . q i : — 4 N
[ S : ; = T
= % A o T
v..m: ..“ _.v._ _ <
1 N e d "
1 . m !




.d‘_{.c_i\/\.; ngd »

3
i

...U '

'
1

s

]

%M _\; % @__ i
T e

3

-

2

o

Clolo L &

8|

2y

dL

-

'!/_iﬂ

S i

?55

—1

—

. 5ol A

Chad K|

=

=

LIS

(o)

Liye

e

L £

.

('§)‘9

.
b A

J
5/

_: 1_.I__ A

1
0- -

—1

fop2

F

Y

r

-
/2
A

| o
@

R

k .

4Ll

i <1L’:_al }u G

Bl




U

p-—,C b_ﬂ .

=g

o Ar C,Lmi nlo(f /

Lt Acchat Hatles] -

L4

~
AL

!

2

p g

d

T

pur

~
AL

I

ﬁ‘) D:T/




h Py
. Voo o
S e -
T YL B _ .
J_ - _ e = ) T _ T
Ib_ .:.u..l e . ! i T [ D
Y R ) = -
o) . _ ) -
0 Nl N '
oo _ N ﬂ 'L
— T —— P
= 17 _ ' Ly, T o
2 ) . i , ' S A S N W
& R S . 10 . .“ ) ) -
‘ _ | 1 .’ e s >
3 1 ! \ =
. 1
o e ; ,
oI -
=5 |
\ Y " -
o .
1 v " T '_ -
- — - it
s AV S A ' . _._. . T
q
\ 1 ‘ - I
_ g I
_ ~ >
< Y o
_ AT
N . __ [ , _
" n by
) i
i ; ) )
G
: ]
1 ... " '
| i o .
" | !
|
I




>
Y
=
A

{
T L4l A Q{A QY ts 5 ’ Z-) @l O |z r_-—‘

: -

W

R i I =B 75 8 ,:__,__,,',
L - n‘i.“ c’u,,_:LP ;ziﬁ"’: *\I_M‘:D L(u] \Mr;—.t'q-}*(_ ( c/ {dba(_l/\__m fﬁ'\_c_l (_J-‘”‘/‘ Casl _.__ _..i___._._,.
- R R : - el SN i — S

i in-d L e (] t>wﬁ__‘\:‘¢e‘ ing | _ ' e

2

T T NI LT f
Cancrele (oleadr (Lol Cl:/‘ oo ; g i

.%: : J_’ FD(\.;'\('S?_'J. S’\'ee__‘-%";“ evﬁ" ‘_SL\‘(?V\S‘\'\‘}W{\{M. ;—\-,\7\? D

[
p
1

(WY

?ﬁ

ciA

i g L )
3 ’
0 IDQ —~N Ao [a C WA Cée AQ‘\_CY \ YC\A\}' C\ (-oY\CfE'—‘—P '
| CleTele | D dil,5150 51 SANOLLLL | [ L. Jopll - -
- - '/)‘-t-:;):‘ i _),p’Aj\U -.
> xv\A' )D\o§+ \m:) : @
- _ \{\]Q_\_P“ LTYCJ\AY \“.j\.g‘, — _- - (~< — -
] et de Radls | U [
: REE i L Al Ol (4 |
] ] }’D‘ C/e 4Y\-/L."r’1>‘ '|n£ oS :
iI 4 U - . i
I T z ; -
| i : i CD}“}\N’QJ; i Q
c |
| Ro +Ar// __C’M r# sz;r .,— . - !
- 5 4 L1, 17,:_)\4.,‘/_;) (J,,z” (2R3 Hi\,@w/ > A
: |
- - 4;{_/5'] 2:]/ , '2 %,[Q)' 2‘/ (_,-4/,4’ p L"‘/ l/:
> EPJL._ & .




<

T
__,\Z a,ﬁl//g Jj ‘ 7T
Ain Shams University Repair and Strengthening of Structures -

Faculty of Engineering g tYY o

4% Vear - Structural Engineering June, 2006
Department . , Time Allowed : 3 hours

E Atempet all Questions (The Exam. Consists of 4 Quéstiong)
Quesﬁon : ' '

1- What is the difference between rehabilitation and strengthening: of concrete.

structures. Using neat sketches only, dis¢uss the different strengthening methods for
concrete structures.

9 Cove and loading tests were carried out for the evaluation of a reinforced concrete
flat slab of thickness 25 cm and span 77 (in both directions). Tests were catried
out and the following results were cbtained: '

a- Three cores of diameter 10 cm and height after capping 12.3 cm were drilled, and

then tested in compression. Failure loads were 13 " 124 — 11.8 ton respectively.
The characteristic compressive strength of concrete after 28 days = 250 k oy

vV AN/l
b- Loading test was carried out for the slab and deflections were recorded in three
positions. Test results were as follows: '

_ Position T 12 | 3

| Deflection After 24 hours of loadin 6.6 71 | 1830

- (mm) \ After 24 hours of unloading 132 | 1.65 447

. Discuss the safety of the tested slab ‘according to -the requirements of the
Egyptian Code for concrete structures. ' '

ii- If the tested slab failed to verify the r‘equirements‘o-f the Egyptian Code for

concrete structures, state the possible ways to make it safe.

. 1. Discuss the effect of _each of the foll.me.g_.prqpeﬂieé oni the compatibility of new
 concrete to an old base concrete: N :

" & Barly drying shrinkage and creep. ~  b-Modulus of efusticity,. U oo

o~ Thermal expansion. : d- Poisson's ratio .

. Question (2):

1- Differentiate between each of the following techniques used for base concrete
surface preparation: '

Push hammnrers — Water jetting — Sand blasting.

2-Using neat sketches, discuss some applications for each of the following materials
used in repair and strengthening works:

a- Carbon Fiber Reinforced Polymers Laminates. b- Bonding Coats.
c- Glass Fiber Reinforced Polymers Sheets. d- Shear Connectors.

3. What are the differences between each of sfant shear and tension pull-off tests.

‘4~ Tension pull-off test was carried out 10 estimate the bond strength between new
concrete and old base concrete, four steel targets of diameter 70 mm Were glued to
repair surface using a suitable adhesive material. Test results were as follow:

vz



Ain Shams University Repair and Strengthening of Structures

Faculty of Engineering G ) oM

4™ Year - Structural Engineering June, 2006 ¢
Department Time Allowed i 5 hone
Test No. Failure load (kIN) Mode of failure
1 11.0. Base failure
2 10.0 Interface failure
-3 115 Repair failure
4 10.5 Interface failure

a- Estimate each of tensile strength of base concrete and the average bond
strength between the new and the old base concrete.

b- Using neat sketchies, show the mode of failure for each test.

‘Question (3):

s 3 3 3 " 1 Tt mm e onaat + . .
1. oXpidin 11 ONwRvLILD  uwie pUosiule taeinGas 1o H tu\, i all lLilalliiza L0 €X181
1 va'a n \Nﬂ"ﬂ Slrnfr\l‘\oc t o pnos1 1a oﬂnnrls + app y 1A .-epn o~ ..u-.l o is Ing
old concrete during the concrete replacement technique.

2. Mention the possible procedures to check the acceptance of injection technique.

3. What are the major defects that may be repaired using the application of FRP
products. Explain, with sketches, the shape and location of FRP laminates in each
case. o _

4. Using neat sketches only, explain the following;:

a. Different geometries of RC jackets for concrete columns. :

b. Shape of joint after blanketing of active cracks executed with and without bond
breaker.

c. Abutment for external prestressing of RC beam to control existing bending cracks.

S Qué_sti(_)n 4): , , S
. 1. Choose the most suitable repair/strengthening technique for each of the fellowing

defects in concreie elements:. ﬁ o

a. A single narrow crack in RC beam. - (Bmsbg W‘rﬁ“ o ‘% LTSI

b. A straight, deep, wide crack in RC wall. —> deilling o P97

¢. Map cracks in RC slab. Va (Cctr @ “Tnpesiote
. Surface inter-connected voids in RC column.

e. Déep inter-connected voids in RC column.

2. Mention ‘t'h'e.required precautions to avoid the drawbacks of crack stitching
technique. - )

3¢ Sketch the possible failure modes of a reinforced concrete member strengthened
’ ith carbon fibers.

7 Explain, briefly, the main steps of vacuum polymer impregnation repair technique
for narrow cracks in RC slabs. '

GOOD LUCK : ’
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7 Ain Shams University Repair and Strengthemng of Structures
Faculty of Engineering LT : - -
4" Year - Structuraj Engmeermg o | (’_\_/(/V/ ~’_~ Jan 2009
Department Time Allowed : 3 hours

‘Atempet all Questions (The Exam. Consists of 4 leestious)
Question (1): :

1) What is the difference between maintenance and protection of concrete structures. Using neat

sketches only, discuss the dlffercnt strengthening methods for concrete structures using additional
bonded materials.

2) What are the objectives of the evaluation of concrete structures. Discuss each of the following for
the loading test carried out for a reinforced concrete cantiliver slab of free length = 2.0 m,
thickness 20 cm, floor cover 150 = kg/cm?, live load = 300 kg/cm? : '

a) Test load . b) Test procedure

c) Measurements ° d)-_l{ésu]ts obtained & final conclusion

3) Discuss the effect of each of the following propertl;s on the compatibility of new concrete to an -..
old base concrete: '

a) Early drying shrinkage and creep. b) Modulus of elasticity.

¢} Thermal expansion. d) Poisson’s ratio

Question (2): . _ '
1) Rewrite each of the following statements and Put sign ( V) or ( X ) beside each of them. If the
statement is wrong; put it in the right form:

a) In the majority of concrete structures, cracks result in structural failure. X

Z\‘\l \;)Vllcb’) Repair can be defined as to replace or correct deteriorated, damaged, or faulty materials,
components, or elements of a structure. )(

¢) Increasing the cross section of concrete column is more 51gn1ﬁcant strengthening method than
increasing the cross section of concrete beam.

d) Placing additional reinforcement in the tension zone of a reinforced concrete beam (protected by
an additional concrete cover by shotCiete) is a very efféctive strengthening method. v

- e)In the case of structural repair, loaded in compression, the repalr matenal must possess very
- high creep potent1al X o . :

""l) When selecting a non- structural repalr materlal de51gners should ensure tha t repair material has
-a higher value of modulus of elasticity than base- concretc)(

g) Cementitious based materials has similar coefﬁmcnt of thermal expansion. /

h) Crecp of repair faterial increase strésses due to shrmkage -at the interface betwsen it and base
concrete. X

2) Slant shear test was carried out to estimate the shear bond strength between new concrete and old
- base concrete. Four composite specimens of total dimensions 100 x 100 x 400 mm were cast and
tested in compression. The angle of inclination of the interface to the horizontal surface was 60 °
‘with respect to the horizontal surface. Test results were as follow:

Test No. Failure load (k) Mode of failure
1 180 : Splitting
2 150 Sliding
3 160 Splitting
4 145 Sliding

a) Calculate the value of the average shear bond strength.
b) Using neat sketches, show the different obtained modes of failure.
’ 172
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3) Usmg neat sketches, discuss some applications v coshy o s T
and strengthening works:

a) Carbon Fiber Reinforced Polymers Laminates. b) Bonding Coats.
¢) Fiber reinforced concrete. d) Shear Connectors.
Question (3):

1) ‘Answer the following questions:
a) What are the main differences between crack mjectzon and crack grouting techniques.
b) Compare between the most used resins for crack injection in view of strength, harderning time
and applications.
¢) Give the differences between concrete replacement and jacketing techniques.
d) State down the two types of injection points and the applicability of each type.
%:) On a sketch for vertically arranged injection mpples “show the components used in crack injection

technique and the direction of injection. __
\3) Choose "the most suitable repaxr/sh*engthemng techmque for each of the following defects in

“\ concrete elements: palling » _
\ \ a) Wide and very deep Sgggllﬁracks naé["‘?‘;u b) Deep narrow cracks ‘gloouj n{e'aﬁ“’
Mty A c) L1m1ted number of very narrow cracks d) Insufficient stiffiess. Trcketry 4 Sleat 5}’
y (2 fex e) Easy access of corrosive ‘materjals f) Large number of hair ceacks in RC slab
‘&m@ zuestxon (4): Q"é—"'f‘j 7ol o C ‘ Va (ot OPecsnaht

{)_Using neat sketches only, explain the following: | :
\ a) Examination of the activity of structural cracks in concrete elements
l b) Shape of joint after blanketing of active cracks with and without bond brealer.
| ¢) Both of rootmg and sealing of cracks.
2) Explain, using neat sketches, the precautlons to accommodate the movements of active
cracks when using blanketting repair technique.
3) -Explain, briefly, the main steps of vacuum polymer impregnation repair technique for
narrow cracks in RC slabs.
4) A ground floor column in a residential building was affected by the deficiency in
construction workmanship that manifests honycombing of the lower portion of the column. -
‘The field tests showed that the honycombmg infiltrated through the entire cross section of

.- the ‘column. The' ﬁgure 1llustrates the: condition“of the coluinn.- Suggest 2 remedy proccdu’rf*
_'for the colurnn '

— T

S

Good Luck
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Faculty of Engineering CES 441 /
4™ Year - Structural Engineering December, 2006 L
Deparitment : , - Time Allowed : 3 hours gy
) i . ] o (1:@
- Atempet all Questions (The Exam. Consists of 4 Questions) 6/<
Question (1): o (116) . ﬂf(

1. What are the differences between repair and strengthening of concrete structures. .
relationships to show the effect of each-of :
repair — maintenance — protection , /sLOO -

on the service life of structures. '

5
raw

2. Core and loading tests were carried out for the evaluation of a reinforced concrete flat slab of
thickness 25 ¢m and span 7 m (in both directions). Tests were carried out and the following
results were obtained: o

. a. Three cores of diameter 10 cm and height after capping 12.3 cm were drilled, and then
tested in compression. Failure loads were 13 — 12.4 — 11.8 ton respectively. The required
characteristic compressive strength of concrete after 28 days =250 kg/cm?.

b. Loading test was carried out for'the slab and deflections were recorded in three positions=
Test results were as follows: S ' ‘

Position 1 2 3
Deflection After 24 hours of loading 6.6 7.1 . 18.30
(mm) After 24 hours of unloading 1.32 1 1.65 447

1- Discuss. the safety of the tested slab accérding to the requirements of the Egyptian
Code for concrete structures. )

ii- If the tested slab failed to satisfy the requirements of the Egyptian Code for. concrete
. structures, state the possible ways to make it safe.

- 3. Using neat sketches, discuss some applications for each of the following materials used in
~ repair and strengthening works: . '

a. Carbon Fiber Reinforced Polymers Laminates. b. Bonding Coats.
¢. Glass Fiber Reinforced Polymers Sheets. d. Shear Connectors.

: Question'(i): o _ : S
1.-Differentiate between each of the follo"vﬁng -teéhﬁiqués used for ‘base: concrete. surface °
_ breparation: . . .. S S

I .Push hammers — Water jetting — Sand blasting.

. 2. Define the term “compatibility”. Discuss the compatibility of the following repait materials

with base concrete?.. Which one can be chosen as a suitable. repair material for the repair-of
concrete floors of an industrial meat plant?

Mechanical or Physical Base Cementitious | Polymer modified | Resinous-
Property Concrete Material Material Material
| Modulus of Elasticity 20 25 20 15
<1 . (GPa) ) _ :
"Coefficient of Thermal 11 10 13 28
Expansion (C* x 10°%)
Maximum Service 200 >300 200 60
Temperature (°C) _ : :
Drying shrinkage | - |~ 1500 6Q0 150
(micro-strain) ' -

Discuss the effect of the use of each of the three repair materials on the predicted service lifez
of the repaired structure. 5
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3. 'Slant shear test was carried out to estimate the shear bond streng s ot o on Tl

old base concrete. Four composite spezimens of total dimensions 100 x 100 x 400 wun were

cast -and tested in compression. The angle of inclination of the interface to thc horizontal
surface was 60 ° with respect to the horizontal surface. Test results were as follow:

Test No. Failure load (kN) Mode of failure
1 180 Splitting
| 2 150 Siding
3 160 Splitting '
4 145 - Sliding

a. Calculate the value of the average shear bond strength.

. LN

b. Using neat sketches, show the different gg_;mned modes of failure.

- Question (3):
1. Compare between each of the following:
a.  Injection and grouting repair-techniques. '
b. Concrete replacement and concrete jacketting techniqueS/
c.  Wet process and dry process in the shotcrete technique. S :
d. Configuration ofj(;gthening RC columns using FRP strips for Flexural or FRP wrdps
. for confinement. ‘ ' :

2. What is the most common recommendéﬁon of the technical report for shotcrete repair
technique which contradicts with the recommendations of the ACI Manual for this
technique?. Write a list of the possible materials for use in shotcrete application technique.

3. Using neat sketches only, explain the following: -
\/a. Different geometries of RC jackets for concrete beams.
b, External prestressing of RC beam to control existing bending cracks.
'e( Deep active crack in RC slab on grade repaired with and without bond breaker. _
4. Give e)&ax__nples for. the most common materials 'gs_e'd in crack injection. Note' down the
desirable qualities for epoxy injection resins. D e R
Question (4): _ | o . R : o
1. Choose:the most suitable repait/strengthening technique for each of the following purposes:
Rehabilitation of limited active cracks in RC road slab.—> \Kex
Remedy of crazing of RC slab. v _ . {
Protecting steel reinforcement from access of corrossive media. rootty ard

Repair of surface inter-connected voids in RC column. -
Repair of deep inter-connected yoids in RC abutments under water level.

@ p-lp o P

2. Outline the basic features of the 7(ypack repair technique. Explain the type of deteriaration to
be repaired using this technique.

3. Sketch for the possible failure-modes of a reinforced concrete member strengthehed with
carbon fiber laminates.

4. Compare between vacuum polymer impregnation repair techniqiie and -polymer injection
technique for narrow cracks in RC slabs in view of: materials used, mechanism of air
removal, value of applied pressure, and néed for entry ports. :

7
GOOD LUCK S%
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Term Exani ({y, A‘JOD)
Time Allowed : 3 hours

Ansvyer the Following Questions

(The-Exam. Consists of 8 Questions)

Questioh (1):

8- Draw relationships show the effect of each of :
mainte' fice — protection
~on the service life of struc '

repair —

b- What are the objectives of the evaluation of concrete structures. State three
different methods used for in-situ ¢

uation of concrete stmcturcs

c- For the evaluation of a reinforced concrete cantilever flat slab of thickness 20 cm

and free span 2.25 m, loading test was carried out for the slab and deflections at the
. free end. wcu, recorded. Test results were as follows:

Cn
6

Position . - 1 ;2
Deflection | After 24 hours-of loading - —4;_5 504 3T
| (mum) Adter 24 hours of unloading | . 3.5 2.6 - 157

Niacs

a) Discuss the safety of ‘the tested slab accordmg, to the rcqulrcmcnts of the
Egyptian Code for concrete structures.

_ uestxon 2 :

a- - Dcﬁne the term compatlblhty”
b~ Discuss the compatibility of the: following repair materials with base concrete?,
Which material can b& chosen as a- suitable repavlr/ mawnal for the rcpaJr of
concrete ﬂoors of an mdustnal meat-plant?
| Mechanical or Physical Base Cemenﬁﬁous | Polymer modiﬁéd_. ~Resinous
Property Concrete Matenal _Material = - | Material
Moedulus of Elasticity 20 ~f 25 20 15
| {G.Pa) / , .
Coeflicient of Thermal. 11 A 10 R 28
- Expansion (C! x 165 / S L
Maximum Service 208 >300 . - -200 L 60 |
Temperature o /5 S e
Drying shrinkage /- 1500 600 150
(micr’rg_-c!'r?_in) ) - -

Discuss the effect of the use of each of the’ thrc:e repalr matenals on the predicted

service life of the repaired structure.

N/

VS
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_ Queshon 3):

, Put sign (V) or ( X)) beside each of the followmg stat"ments If the statemcnt is-

' _ wrong; put jt in the nght form: : .

T bt - -

1- air can be dcﬁned gs to replace or corrcet deteriorated, damaged, of faulty'
materials, components, or elements of a structure. X<

Vi

) 2- Increasing’ thc cross section of concrete beam is more sxgmﬁcant strengthening
b -~ mcthod than increasing the cross section of concrete column,

3- Placing additional carbon fiber reinforced laminates in the tension zone of a
. reinforced. concrete beam ubjcctcd to high temperatures is a very effective
E _shenglh\,nmg method.

4- In the case of non-structural repair, loaded in compressmn, the repair material
must possess very high creep potentxal X

5- When sclcctmg a structural repair matenal dwlgncrs should ensure that Tepair
material has a higher value of modulus of claslicity that base concrete. -

-¢- In repair works, the effect of Poisson's ratio is 1ower when the bond interfoceis . .
‘perpendicular to the ecﬁon of loadmg and neghgxblc whcn the load is parallel
to the interface '

7- Adding silica fume to repair mortars reduces rebound durmg shotcreting. /
. 8- CcmcntmOus based matenals has gimilar cocﬂicmntof thermal cx')ansmn./ :

~9- -Creep of repair material increase ‘stresses due to shnnkagc -at' the interface ~ "
’ between it and basc ¢ COnCit: \/ o : . <
/ .

10+ Carbon fiber er sheets i increase the load canymg capamty of reinforced concrete
_I/_ns due to the inctease of confinement. 7o —

Question (4): _ _
- Core pull-off test was carried out to estimate the bond strength between repair- mortar and
‘base concrete, four steel targets of diameter 50.mm_were glued to repair surface using a -

stitable adhes:vc matcnal Test results were as follow:

| Test No. Failure load (kN) [ Mede of failure
] 6.0 Base failure
2° 5.2 - Interface failure
-3 4.9 Repair failure
: T 64 Interface failure

i- Esumate edch of tensile strength of base concrete and the average bond strcngth
between repair mortar and substrate concrete.

i~ ilsing neat sketches show the mode OF failure for each test.
w .

2/3
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Question'( 5):

1. Choose the most suitable rcpaxt/strcrg‘gthemng techmquc for each of the followmg defedts - .

in concrete elements: LAy vagt3 /
W  a. Wide and very deep. straight cracks..  b. Deep narrow cracks. cpaty injection
rashing T/ “«c. Limited number of very narrow cracks.d. Insufficient stiffness. Facyefirgy stef plales

alex e mulsion

VALA v \vv Csn

e: Easy acccs% of corrosnﬁamatcnals f. Large nugxber of hair ceac J’!‘l RC slab «ppty = P‘-,o 5(,_(_.}_ _

2. Compare bctwcen Wet proccess and Dry proceess: methods used in shotcrcte cpaxr
technique. :

. 3. Explain, bricfly, the main steps of crack injection repair technique for narrog.v.cracks in-y(C: :
=g lements R ) .

Questxongg) . ' o . S

_— — —— e — =

'1.-Mention the required prccautxons to avo;d the drawbacks of crack stitching'téc. ( ue

2. What arc the main differences between crack mjecnon and crack grouting tcchmqucs

3, Mention the necessary matcnals and tools used in the method ot concrete rcpxacen

Question (7): '
1. Using neat sketches only, explain thc followmg e
a. -Exarhination of the activity of structural cracks in’ concretc elements :
b Qhapc of joint after blanketing’ -of actwc‘cracks wzth and wxrhout bond brcaker.
i - anh of .nnunn and sealing of cracks.” = ¢ ERER s

- 2. Menhon four methods for the applxcanon of rcpmr matcnal in ﬁlc_.co'ncrete (_eplag_eyée_nf -
technique. _ - _ SRR

3. Sketch for the possible .failure modes of 2 rcinforccd%:conéréte member strengthemed by - -
carbon fibers. i . . T

( !uestlon (8 )

{. What are the methods commonly uscd, for bondmg of external steel plat'cs> 10 '-mc bottom
~of RC beax_n . ' :

- 2. State down the major definition for uoih of "Day back” and P;epacked aggregate
- concrefe” repair techniques.

3. Give the differences between concrete replaCcrxiént and jac_:ke_ting techniques.

’

GOOD LUCK _ -
- ' 313
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The Exam ConS|sts of Four Qt,estlons in Two

Ddges

{ guestlon 11) (25%)

a- What are the differences between repair and strepgthening of concrete structures. State
briefly with clear sketches the different strengthening methods for concrete structures.

b- What are the objectives of the evaluation of concrete structures. Describe using clear
sketches three different methods used for in 51tu evaluation of concrete structures.
o~ Define the term compdtxbiilty

d- Discuss the compatibility of the followmg Tepair mofmrs W ftth base concrete?: Which one -
can be chosen as a suitable 1epa1r matenal for an industrial building? Give your reasons.

\’,[ech‘lmcai or Physical’ Base Cgmehtitious (?Oly mer modified | Resinous -}
Property | comcrete | " Mortar Mortay - Mortar
Modulus of Elasticity - | 20 : 25 | 20 5
(G.2a) . DR R
Coefficient of '1he1 mal 1l 10 : 13

Expanswn (C % 10 )

Maximum, Servxcc
Temperature CC)
Drying shrinkage

(micro—strain) _ \
K guestmn {2): (25%)

a- Differentiate between each of the 0110W1ng tecnmqucs mr,d for babe concrete surface

prepftratlon

R Push hammers —\Vat ox ]ettmg Sand biaatmv

b ”Durmg z‘he evaluation of a remforced concrete structure it was. cszcZuded that some
iemfm ced coricrete. columns in the basement floor need Stienmhenmg
state and explain bneﬂy possible methods can be used for the strengthenmg of these

elements (columns). . _
c- Outline with clear sketches test set—un for each of slant shear and pull-off tests of bond

between repair materials and base concrete
d- Tension core ‘pull-off test was carried out to estimate the bund strength between repair
mortar and base concrete, four steel targets of diameter 50 mm were ghied 10 repatr
surface usmg a suitable adhesive material. Test results were as follow:
Faiture load (KN) - - Mode of faﬂun A

_Interfavc faﬂ‘___l} c
- Base failure

. Repatr failure
i) Esttmate each of tensile strength of base concrete and the averagy bond strenoth between -
. repair mortar and substrate concrete. : - =

j 9 ] Lg) Using Tieat sketchcs ‘hes, show the mode of f'uture for each fest. -
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The Exam (‘onSIbts of Four Questnons in Two Pages ' . T(‘:ia’ }V’arks 70 Marks

Questlon (3): (25%)
1. State down the two types of IDJGCUOU points and the applicability ofeach type.
2. Compare between each of the following: '
Inj ectioxl and grouting repair techniques.
b. Concrete replacement and jacketting techniques.
c. Wet process and dry process in the shotcrete technique.

d. Configuration of FRP strips for ﬂe\ural or .confinement remforcmg in RC
colummns.

3. In a tabulated form, illustrate the major clrawbacm of sutclnng tepalr technique and
~the correspondmg precautions to Overcome them.

_ What are the problems associated with the technique of bonded steel plates used for
repairing RC beams7 On sketches, show-how these problems may be solved

Questlon §4) (25% ‘

1. Ucmo neat sketches only, explain the following:

~a. Deep active crack in RC slab on grade repalred Wlth and without bond breaker
b. Arrangement of injection nipples along 2 ‘vertical crack showing the direction
-~ of injection -~
c. Different. schemes of strengthening isol'ated RC _footing using the jacketing
technique - : S
d.. Method of compactlon followed m the dwpacl\ method

" 2. Choose the most suitable: repalr/strengthemng tcchmque for each of the followmg: |

i :defects n concrete elements

Deep mter—connected crdcks in RC beam
Easy access of corrosive materials :
Repair of deep inter-connected voids in RC abutments under water level
Doubling the load carrying capacity of RC columns
Thorough holes in RC . walls
_ Bendmg cracks in. an isolated RC footing

".»n'.cv oo o 9= ,

3. Mention the p0331ble alternatives -used for each of. the following procesées n
concrete replacement repair technique:

a. Removal of surface detenorated concrete
b. Cleaning of rusted reinforcing bars
c. Enhancing the bond bctwecn old and new. concrete

Best Wishes
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Atemvet 31l Questions (The Exam. Consists of 4 Questions)
{uestion (1L

1. What are the differences between rehabilitation and strengthening of concrete structures. Using neat
sketches only, discuss the different strengthening methods for reinforced concrete columns.

2. “In the majority of concrete structures, cracks do not result in structural failure, but they can result
in definite loss of performance of structures

Discuss this statement: Using clear skeches, show the crack pattern due to each of the following:
Over loading for R.C beams — Settlement of plastic concrete in forms — Alkali Silica Reaction.

3. What are the objectives of the evaluation of concrete structures. Discuss each of the following for
loading test carried out to evaluate a reinforced concrete flat slab with span 7m in long direction
and 5m in short direction given that:

slab thickness = 25 cm, floor cover load =1 50 kg/r_nz, live load = 500 kg/mz.

a. Test load

c. Measurementis

b. Test procedure S
_ d. Results obtained & final conclusion
4. Define the term “compatibility”.Discuss the compatibility of the foliowing repai'r materials with

base concrete?. Which one can be chosen as a suitablé repair material for the repair of concrete
floors of an industrial meat plant. Give your reasons. '

Mechanical or Physieal Base Cementitious | Polymer modified | Resinous
Property  concrete |- Material Material | Material
Modulus of Elasticity 20 25 20 15
(G.XPa) . L . :
Coefficient of Thermal [ 0 - 13 3 28
Expansion (C x'10%) SR S S :
Maximum Service - | - 2000 >300 -t .200% - 60
Temperature (°C) ' T : T S L
Drying shrinkage | -—-- - 1500 - | - 600 - - | 150
| (micro-strain) B B

Question (2):

1. Torsion pull-off test was carried out to estimate the shear bond strength between a polymer
modified repair mortar and base concrete. Four steel targets of diameter 50 mm were glued to
repair mortar surface using a suitable adhesive material. Test results were as follow:

Test MNo. Torsional moment at Mode of failure j
fatlure (N.mm) '
1 260 Substrate failure :{
2 230 Interface failure
3 280 Substrate failure =
4 740 Interface failure

4 Estimate each of the torsional shear strength of base concrete and the average shear .
Nt . .

bond strength between repair mortar and base concrete.
. M N .
b. Using neat sketches, show the mode of failure for each test. Give your comiments.

1/2

55




. . . C - |
: ) - /'-‘59 C [ ~ - h} _/'/( (Lo PR - - R T '
/\/ <Yy S e b & Cant do e
Ain Shams University Repair and Strengthening of Structures '
we-ulty of Engineering
4" Year - Structural Engineering January, 20190
Department ' ' Time Allowed : 3 bours

9. What are the differences between direct loading bond tests and patch tests for repair works. Discuss

test method carried out to estimate the bond strength between carbon fiber reinforced polymers
(CFRP) and substrate concrete.

3. Explain the main factors affect the bond strength between repair materials and substrate concrete.

Differentiate between each of the following=techniques for base concrete surface preparation:

Push hammers — Water jetting — Sand blasting

( Juestion (3):

1.

o

Mention the different methods t0 repalr concrete cracks of both active and dermant types.
Explain the suitability of each method

In case of using internal injection nipples, what are the requirements for the nipple configuration
and for the fixing proccdure‘?

Note down the advantages of vacum polymer impregnation method compared with traditional
pressure injection method to seal very narrow cracks in RC elements

Mention the different materials and tools necessary for concrete replacement technique

Explain with sketches the possible methods to apply the repair material to existing old concrete
in the concrete replacement technique R R

Ouestion (4):

1.

Using neat sketches only, explain the following:

4. Different geometries of RC jackets for concrete beams S
b. The technique of form and cast in the concrete replacement repair method -
c. Method of compaction followed in the drypack method '
‘d. Mechanizm of air removal during epoxy injection technique - o _
Choose the most suitable repair/strengthenirig technique for ‘each of the following ,defects"”-iri""'-’" o
‘concrete elements: _ ' '
a. A single narrow crack in RC beam.
b. A straight, deep, wide crack in RC wall.
c. Map cracks in RC slab.
d. Surface inter-connected voids in RC column.
e. Bending cracks in an isolated RC footing.
£ Splitting crack in RC column.

What are the problems associated with the technique of bonded steel plates used for repairing.
RC beams? On sketches, show how these problems may be solved '

Explaining the technique on sketches, what are the items to be checked while applying the span
shortening -technique for strengthening flexural members? Also, how can We take advantage of
the moving prob which may be used in this technique? What are the possible alternatives for the
intermediate support?

Good Luck
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Atempet all Questions (The Exam. Consists of 4 Questions)
Question {1):

1) What is the difference between maintenance and protection of concrete structures. Using neat
sketches only, discuss the different strengthening inethods for concrete structures using additional
bonded materials. '

2) What are the objectives of the evaluation of concrete structures. Discuss each of the following for

the loading test carried out for a reinforced concrete cantiliver slab of free length = 2.0 m, .
thickness 20 cm, floor cover 150 = kg/cmz, live load = 300 kycm2 :

a) Test load L b) Test procedure
c) Measurements ' d) Results obtained & final conclusion
3) Discuss the effect of each of the following properties on the compatibility of new concrete {0 an

old base concrete: _
a) Early drying shrinkage and creep. b) Modulus of elasticity.

¢) Thermal expansion. d) Poisson’s ratio
. Question (2):

1) Rewrite each of the following statements and Put sign ( VY)yor (X) beside each of them. If the
statement is wrong; put it in the right form:

a) In the majonty of concrete structures, cracks resuit in structural failure.
b) Repair can be defined as to replace or correct deteriorated, damaged, or faulty materials,
components, or clements of a structure. ’
¢) Increasing the cross section of concrete Colummnris more significant strengthening method than
increasing the cross section of concrete beam.
d) Placing additional reinforcement in the tension zone of a reinforced concrete beam (protected by
an additional concrete cover by shotcrete) is avery effective strengthening method. _
- ¢) In the case of structural repair, loaded in compression, the repair material must possess very
~high.creep potential. - . : S
f) When selecting a non-structural repair. material, designers should ensure that repair material has - -
" a higher value of modulus of elasticity than base concrete. o e
'¢) Cementitious based materials has similar coefficient of thermal expansion.
1) Creep of repair material increase stresses due to shrinkage at the interface between it and base
concrete. , '
2) Slant shear test was carried out to estimate the shear bond strength between new concrete and old
- base concrete. Four composite specimens of total dimensions 100 x 100 x 400 mm were cast and
tested in compression. The angle of inclination of the interface to the horizontal surface was 60 °
‘with respect to the horizontal surface. Test results were as follow:

ode of failuré

Splitting
Sliding
a) Calculate the value of the average shear bond strength.
b) Using neat sketches, show the different obtained modes of failure.

oy
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3) Using neat sketches, discuss some applications for each of the following materials used in repair
and strengthening works: ' o
a) Carbon Fiber Reinforced Polymers Laminates. b) Bonding Coats.
c) Fiber reinforced concrete. ’ d) Shear Connectors.

Question (3):

1) Answer the following guestions:
a) What are the main differences between crack injection and crack grouting techniques.
b) Compare between the most used resins for crack injection in view of strength, hardening time
and applications. - :
¢) Give the differences between concrete replacement and jacketing techniques.
d) State down the two types of injection points and the applicability of each type.
2) On a sketch for vertically arranged injection nipples, show the components used in crack injection
technique and the direction of injection. :
3} Choose the most suitable repair/strengthening technique for each of the following defects in
concrete elements:

a) Wide and very deep straight cracks b) Deep narrow cracks

¢) Limited number of very narrow cracks d) Insufficient stiffness

&) Easy access of corrosive materials f) Large number of hair ceacks in RC slab
Question (4): ’

1) Using neat sketches: only, explain the followmg: :
a) Examination of the activity of structural cracks in concrete elements
b) Shape of joint after blanketing of active cracks with and without bond breaker.
¢)-Both of rooting and sealing of cracks. ' ' .
2) Explain, using neat sketches, the precautions to accommodate the movements of active
cracks when using blanketting repair technique. ‘
3) Explain, briefly, the main steps of vacuum polymer impregnation repair technique for
narrow cracks in RC slabs.’ S R T ‘
"4y A ground floor column i a’ residential ‘building was affected by the deficiency in
" construction workmanship that manifests honycombing of the lower portion of the column.
‘The. field tests showed that the honycombing infiltrated through the entire Cross section of
the column; The fignre illustrates the: condition of the column: Suggest a remedy procedure
for the column. - ' ' ' '

; Good Luck

2/2
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Atempet all Questions (The Exam. Consists of 4 Questions)
Question (1): '

1. What are the differences between repair and strengtheni

relationships to show the effect of each-of
repair — maintenance — protection

on the service life of structures.

ng of concrete structures. Draw

9. Core and loading tests were carried out for the evaluation of a reinforced concrete flat slab of
thickness 25 cm and span 7 m (in both directions). Tests were carried out and the following
results were obtained: . "

a. Three cores of diameter 10 cm and height after capping 12.3 cm were drilled, and then
tested in compression. Failure loads were 13 —12.4 — 11.8 ton respectively. The required
characteristic compressive strength of concrete after 28 days = 250 kg/ cm’.

vied out for the slab and deflections were recorded in three positions.

- b. Loading test was
Test results were

Deflection | After 24 hours of loading
(mm) -

After 24 hours of unloading mm
i- Discuss the safety of the teste

d slab according to the requirements
Code for concrete structures. '

ii- If the tested slab failed to satisfy the requirements of the
structures, state the possible ways to make it safe.

as follows:

Egyptian Code for concrete

3. Using neat sketches, discuss some applications for each of the following materials used in

repair and strengthening works:
4. Carbon Fiber Reinforced Polymers Laminates. b_.vBonding Coats.
c. Glass Fiber Reinforced Polymers Sheets. ' d. Shear Connectors.

' S_}lu.e.é;t_i_()n'g'?,}:_:_ T

1 :Di_ffe_’rem_i;a_te.'b'é.t'\"zveén' ‘each ‘of the fo'llowi:ng. t
_preparation: C ' -

ettt e e e

echniques used for base concrete surface

Push hammers — Water jetting — Sand blasting.
bility”. Discuss the compatibility of the following repair materials %

2. Define the term “compati
with base concrete?. Which one can be chosen as a suitable repair material for the repair of

concrete floors of an industrial meat plant?
Base

Proper Concrete | -
Modulus of Elasticity | 20
G.Pa

Coefficient of Thermal
¥xpansion (C'1 x 107
Maximum Service
Temperature (C)
Drying shrinkage |~

micro-strain i

Discuss the effect of the use of each of the three repai
 of the repaired structure.

H
1
i
i
1
-
1
i

i

£

i
b
b
&

i

[

Polymer modiﬁ.éd

Resinous:
, Material Material
T

28

Cementitious
Material

¢ materials on the predicted service life %

112
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_ 3. Slant shear test was carried out to estimate the shear bond strength between new concrete and
% old base concrete. Four composite specimens of total dimensions 100 x 100 x 400 mm were
cast and tested in compression. The angle of inclination of the interface to the horizontal
g surface was 60 © with respect to the horizontal surface. Test results were as follow:
1

Mode of failure

~
(5
1

Test No. | Failure load (kN

1 | 180

% 2 150 Sliding

. 3 160 Splitting
4 145 Sliding

a. Calculate the value of the average shear bond strength. _
b. Using neat sketches, show the different obtained modes of failure.

Question (3):
1. Compare between each of the foliowing:
Injection and grouting fepair techniques.
Concrete replacement and concrete jacketting techniques.
Wet process and dry process in the shotcrete technique: :
Configuration of strengthening RC columns using FRP strips for Flexural or FRP wraps

for confinement.

po o

2. What is the most cdrrup_on recommendation of the technical report for shotcrete repair
techriique which -contradicts with the recommendations of the ACI Manual for this
technique?. Write a list of the possible materials for use in shotcrete application technique.

3. Using neat sketches only, explain the following: - . ,
4. Different geometries of RC jackets for concrete beams. o
b. External prestressing of RC beam to control existing bending cracks.
c. Deepactive crack in RC slab on grade repaired with and without bond breaker.

'. 4. Give examples for the most common ma_t_efials used 11 cra’ck- injectioh.' Note down the
(Ej . .desirable qualities for epoxy injec_‘ti_g'g'.rfesins-. ST SR '

Question (4): o o . o
1. Choose the most suitable repair/ strengthening technique for each of the following purposes:
Rehabilitation of limited active cracks in RC road slab. '
Remedy of crazing of RC slab. ‘
Protecting steel reinforcement from access of corrossive media.
Repair of surface inter-connected voids in RC column. -
Repair of deep inter-connected voids in RC abutments under water level.

o o o

2 Outline the basic features of the drypack repair teehnique. Explain the type of deteriaration to
be repaired using this technique.

Sketch for the possible failure modes of a reinforced concrete member strengthened with
carbon fiber laminates.

Ll

4. Compare between vacuum polymer impregnation repait technique and polymer injection
technique for narrow cracks in RC slabs in view of: materials used, mechanism of air

removal, value of applied pressure, and need for entry ports.

GOOD LUCK
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- Apswer 8 Questions- Only
"~ (The Exam. Consists of 10 Questions)

Question (1):° _
a- What are the differences between repair and strengthening of concrete structures?
b- Draw relationships show the effect of each of : ~
C- repair — maintenance — protection
 on the service life of structures.

Ques(lon (2): .
i For the evaluation of a reinforced _E:_pncrete flat slab (thxckness 25 .cm and
M. span. 7 m in both ways) the Tollowing. resuits were obtained:

l) ‘Three cores of diameter lOb&m and height after cappmg lé\3 cm-were drilled, and :
C’,j(\ then tested ’n’_c_cin_pressmn Failure loads-were 16 - 14.8— 14.2 ton respcctwely -
The average 28 days cubic compressxve strength =300 kg/em®.

2) Loadmg test was carned out for the slab and deﬂechons were recorded in four

}‘\‘L positions. Tesl results were as follows:
“/J'\U’vg) _ .- . » : - _ . - /
; ' \_Pns:tzon ’ R T .14 2 3 4
| Deflection | After 24 hours6f loadihg | 66> | 3030 | 20.30 | 14.90 |
(mm) | After 24 hours of.unloading . G3r |.085 | @4y Q‘z“g o
e ~ — H
a) Discuss e safety of .the tested slab accordmg to the reqmrements of the
Egyptian:Code for concrete structures. - l :

'b) If the tested slab failed to venfy the- requlrements of. fhe anpt-aq Code for
concrele structures, slate the p0351b]e ways to make lt safc.”  to.

o - . Lo : . P s Ta e . . -

Quastlon(3) : e

REC I

e

“During thé evaluation of a reinforced- concre:istruc{u.re it was concluded -
that some -reinforced concrete columns the ’g,round floor needs_
slrengthening"’

e vER Bakimig PG

slate 'md cxplaln hneﬂy possible methods can be used for the sti engthcmng of this

2) Lomp'xre bc.twecn each of slrcngthemng methods (for ground ﬂoor COIU[LS) N
taking the following into Conslderatlon o - .

a)  Allused ma(erials.’ - _ o =
b) Elapsed time to finish work." : _

¢)  Durability and protectnon needed.
d) Allover cost.

b e

;s -
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Question (4): R - - gh

“FRP materials consist of a larwber of conlinuous, duectnonallzed
_non-me -metalic fibers with advanced characteristics, bundled in a resin matrix.’

- Discuss this statement, &~ _

2- State different types and properties of these non-metalic fibers and compare
hetwwean | it and ctesl

3- What are the different FRP systems7 :

4- Given below the mechanical properties for constltuent malenah of TRP

. composile:
L -|. Material Modulus of Elasticity , | Ultimate Tensilé’Sfrength *
' £ (GPa) o (MPa) e
Fiber @0 (3009~
Resin &) ; 7 /80y
“If the volume [raction of fibers in FRP equal§{(JU V6, calenlate each of the
following foi a strip with a width of 50 mm and thiekriess pf 1.0 min:
a) Mpdulus of elasticity: T
b) “Ultimate load. _ Sy v
_ ¢) Ultimate strain. g Q -k '
Question (5): ' _ ‘
' ’ o ke - ‘ e
1) Define the term * ‘compatibility”. " ST -
2) Discuss the compdtibility of the following repalr matenals with base concrete?. '
Which one can be chosen as a suitable repair matenal for the repalr of concrete =
© floors of an industrial meat plant? e '
Mcchamcn_l_or . Base Ceme_,ntitri'ou_s, Polymer 'Resi-'n'ous
" Physical Property | Concrete Material ~ ' modified - - Material
' SR R : ' Material ' _ - .
Modulus of Elasticity | , 20 25 - . 20 . T ?
(G-Pﬂ) - - B B .
Coefficient of 11 -10 {13 28 . |
Thermal Expansion . - - L 1w
S SRS N I | 1y
) Maximuia Service - 1200 >300 206 1 60 ' % '?
Temperature °C) | - - .. | .. : - . .' - h
Dryizg shrinkage | - , 1500 . 600 - 150 L
(nucro -strain) _ : 5 | : | [ };
~ Discuss (he effect of the use of each of the three repair mortars on the predlctcd | g .
> service life ofthe repaired structure. : ' i
' N ; 23 . B
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?2ucsii@n (6):

1. What are the main di! fc:enccs hctwccn cmck injec ion and crack gr oulmv techmques
2. Dilferentiate between the. stress distribution alorig the rcctangular cross section of a

" beam repaired with and without unloading process.
2. Compare between the most used resins for crack injection in view of s!reng!h
har denm;; time and applications.

Question (7):

1. Give the differences between concrete repfacemcn( and jacketing techniques.
2. State down the two types of injection points and the applicability of each type.
3. Compare between i e! proceess. and Dl 'y proccess methods used in shotcrete repair

" techniques. -

Qucstmn (8): . ' i - ; i
Usmg neat sketches onlp' explain the followmg 7 ' '
1. Examination of the acfivity of structural cracks in concrete elements . -
2. Direction of crack injection along the line of crack. )
3. Shape of joint aftér blanketing of active cracks with and without bond breaker.
_4. Differcnt schemes of strengthening isolated RCfootmg

5. Both of roofing and sealing of cracks. -~ TT—— -

Question (9):

The oulei surface of the walls of the sedimentation tank in a water treatment plant was - :
 partially affected by water.which led to efflorescence and spalling “what gives indication of

internal corrosion of the reinforcement. Figure | illustrates the condition of the tank. Suggest

-

1 2 .

[ 2]

ma: ¢ AL

a remedy procedure for the tank. : . )

Question 1102 ) k ‘ : - : .

A ground floor.column in a residential building in the same project was affected by the
deficiency in construction workmanship that manifests. honycombing. of the lower portion of
--the column: The field tests showed that the honycombing infiltrated through the entire cross
section. of the column. Figure 2 iflustrates the condition 6f the column Suggesl a remedy

procedme for the coiumn.

™
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: . Attempt all Questions o v
{the Lram. Cohsists of 4 Quéstions in 3 Pages) -
Question {1) 25 % }: ) :

) ¢ A remnforced concrete build-in% consistes of 3 floors was examined due to required
- - - -~ 4~ y 2 ) -
increase in live Joads (from 300 kg/m lo 450 kg/m”) .

_® Outlinethe procedure of cvalfiation of this structuie ang siate some of (he possible
2 deffects, eracks which mey appear during the visual mspecuon of the stiructuie.

Q) State three non-destructive (esls carried out {or the evaluation.of the structire
clements (columns — beams ~ slabs) showing possible results in each test.

@G> For the evaluation of a reinforced consrete flat slab of thickiess 18 cin and spacing
€53 between columns 5 m in both dircctions iii this building the followidg results ere
A oblained: - '

=== 77 vas Thiee €ores of diameter 10 e and height after capping 12.3 cm were drilled, and :
then tested in compression. Failure loads. were 16 — 14.8 - 14.2 ton respectively. [ ]

5 Ihe average required 28 days cubic compressive strength = 250 ke/cm?. T - ’

b- Loading test was carried out for the slab (taking into consideration new live load - ' f

value) and deflections were recorded in four positions. Test results were as follow- ' {

Position Q. ) e TR 2 3 4 :

Deflection .| Afier 24 hours of loading - | 5.10 10.52 6.25 435 |
(;mm) Aflef 24 hours of unloading | 1.52 3.6 2.12 1 0.82 -

Discuss the safety of the tested slab acwu:diig o e Teqiiié menis of the. Eoyptian Code ® b;[:dij'/
for design and construction of reinforced concrele structures (No. 203-2001). If the slab =@ sige
- s — . . . . T O -

h B | [
DR UrONOCEa_ nn i vans T manio - . - _;/ .
i S S A Y S O R S I T 1 L et S X i A Sptodulreywrwrmt- ey _____O__-__
LJ j /f

V2 vmen{e wilh e live ln?:r_! _i_ral!:‘:r_\

K@ Alier evaluation it was conciuded thai seme columns must bz strengiiiened. discuss P g;ygm,‘:
the possible methods and materials can be zised for strengthening . Give adwantages . '
and disadyantages of thesc methods; taking inlo consideration: ) o4
irice of 1 m2 of building — Cost of strengthening materials —-_Sl;englllezliylg time S

-schedule - Base conerete quality — Structure ter¥iceability.

. Question _(2)_-{_.'25'“/__’9 1: O P

ST 6} State main factors afféct the boad strength beiween repair-materials and ‘sv.}nbs(ra(e
' ‘concrete. Discuss possible methods can be.used to increase this bond. .

2- Putsign (v ) or ( X ) besidc each of the lollowing statements. If the statement is
— Wrong; rewrite itin the best form: _ o ' :
@Y For a reinforced concrele slab: there is no difference between crack paterns_duc 1o

sicel reinforeeniont comrosion and surticlural overlcadiiig.
: 41t : 0, s 2

. .. N T - , 7sPum N T
(b} Repair'can be defined as to replace. or correct deteriorated, dan.mg_,ed, or faul

malcrials. components. or cléments of a’structure. » G

(€Y Increasing the cross-section of concrete columns is more significadt strengthéning - - g
o [ [ . - .. . - ~— S - . i D A
melnod than ncreasing tie ¢ross scotion of a concrele beam. -- Ea‘.
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2" T'erm Final Exam (Junc 20025

4™ Year - Structural Fingi_nccrin'g
Dcp:\rlmcnl T T ; JTime A!l()wqd s 3 hours e~ - -
d- i e case of pon-structural repalr. toaded N compression, the repair material
musl posses_'s very low creep potential. \. _ ) T
@7 When selecting a repair material. Jdesigner should en‘suré that both substrate
concrete and repait malcriais possess gsimiiar elastic moduli ' o
(’17 Adding micro poiypropylenc {ibers to repair mortars reduces tepdency wacking.
. 1 - - T
. A “The e Compatibility has become very popular in the feld 'of concrele repair”
7)3 Discuss |11_le slalgmqnl'?. To select a cuitable repair _n'nak;rial for afreinforccd concrete
chimicy. substrate concrete and different types of repair materials (A, B & C) were
pvestigaled. duge poperties of all tested materials are as Tollow: 1
Propeity : . Substrate : ;\_'Int_cxji:\] Matcriar
I P— : i C
. Modulus ol_'claslici.lv (G.Pa) ] 20 33
018 | 02 -
. it TR
- (RC) <107 - - S o o . 433}
Drying Shrinkac!c(micro—sl'rain) : —- i 130 A_,,_f:~ 600 1350 7 J
Maxiimum <ervice-tomperalure °C) - 200 T 200 , >300
AN P - :

“a naterial. Giveyour reasoils.
b4 Discuss the eflect of the usc of cach cne of the lhreé; e
i ice life ofthe. ;-egv_c_'l_i_liq_(_l__slr_\gclu;'e. T

THose ihesuitaund ipatt!

pair'materials on'the

Question (31125 VRN
. Gheo uriglanswere for the )/c
What are the-objectives of eac

11/ .
Compare between et proccess and Dry

|

- P
Hlowing questioas .
v of Structural and ;\f'nn—flrm'mrui rejaiTted

proccess metlidtls used in shoterete repaif

‘-_-.:-:nnoc() .
""""l‘:"“r‘—' ——

- =TT T T T gechiniques.
“What are the mel
bottom of RC beams. o § -

.. /é/ .~ ‘Whatare the faciors affecting the choice of crack injeciio

@ Stalc;d"g'\’v_'riw; ljﬁgggjg_ggig_u__—b_qigggnd the applicability of each type.

hods, commeonly used, for bonding’ of ex‘{crnal steel plates to the

n pressure in concrete..
-"’_—-‘ : .

vof th_q_f_c_)_l_lowin'g"d-ef?c!’s in

2 Choose, ﬂ]é‘l—\-{é‘sf suitable -repéirlst'reng(hening technique for eacl
_concrete elements: = - ' ' :
Dr&l\») GA e\”‘jj 9] "
.. Deep narrow cracks. - <P 2¥) Tajed-. :
3609\":') _ Seolln, -

vr - g W -
Wide anu pery. deep straig ht
of corrosive mate ials,

Easy access of :
J’ug-‘}. _l*&ej\_ ’

c.

d. li\_S_\_J[[jﬁ:lgE&ijﬁ}CSS.

«. Limited number of very NArFow cracks. Qyus

3. Using neat $kclch§s oniy, cxplain the following:
o Exarmiuation of the acti vity of structural cracksin ¢

-Drilling and plugging of RC walls. -

- Both of Roofing and Sealing of cracks. . . ' »
&7 Repair of existing bending cracks using external bonded steel plates. o

e Externa} prestressing of RC slab to <ontrol existing bending tracks. . - .- ]

cracks.

o

by ddcth Lok genlBlon.

oncrete __struclurcs. .
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Qucﬂxon (4)]

Pcl(,'v ing xl\c apphcd live. loads on concretc elements before commencing the repair

1.

| &

work is a must fo.

thz advanlages ofunload'no of RC clcmcxm dunng rcpalr
nh schematic diagrams the different lcchmqucs
- Draw skeiches

di
A et AT
.. Il(.- e r

E.\‘pl:\in

C'n\c camz of the

pair of exisiing rcmforccd concrele

For LJL’I (l ihe lOl

for unloading methods of RC wall and RC fooling.-

fferent reasons’.

of RC columns unloading.

general recommendations to be included in the final report for the
building.

Ve

tlowing strengthening deteils <‘\r;y/n in fig. 1 fo fig.

/\‘

a.  expiainine

possxblc problems ior w hich

the remédy was c:'mcd oul

b.

State the precautions for surface p",pamtlon . and mmcnals used for the strengthening
ud"nqucs shown mﬁg 3 and fig.
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.« Frculty of Ex'ngmccrmg _ (u(, £y Oy ; e RetES f an : “-"f _.‘_’- .

4™ Year - Structural Engincering 9™ Term Final Exam (Jine 200 1)
“Time-Allowed : 3 hotrs

Depm'tmcilt' : L
' E . t
}
]

Aficiupt all Questions

T T gThc'Exam. Consists of 4 Questions in 3 Pages) |

g of ) ) /ﬁ- :

{o

Cuestion (§): {2
|- Using nel sketches. explain ecach of the follgwing:

RS @F A rchabilitation repair o which corrodéd reinforcement together with damaged
DAL Rl » —-- v D :

- concrec were replaced. :

}'Ef Strengthening of a concrete beam by adding reinforced bars in the ténsion side.
amaged concrete stucturl can be used to

Carcful visual inspection of fire d
determine the extent of damagc.
_4< Eftects of -drving shrinkage of
works. '

“

repair materials on the serviceability of repair

o,

2- Give some applications (us
naicrials in repair and érengthening works:
@S Fibre icinforced plastics.

4~ Bonding coats. :

_e7 Pre-stressing strands or wires. - 2

& ipoxy Zind. ' '

= Shear connectors. e

)

ing net sketches) for the: use of the following

3

3. Core pull-olt tesis wee carried out to estimate thie bond strength between repair
rete_four steel targets of diameter S0 mm were glped to” T 7T,

martar and S'uhs[ra'_e*co'«_)c )
ce usiniy a $iabie adnesive. Test reaults were as follows: 18
T Test No. - | Failure toad (kg) | Mode of fadlure o

B —T 550 - - | Substiate failure
‘ Interface lailure . :
1 Repair failure . @)

—

T nteface failuwre - (B) W - - ¢

repair surta

2~ Estimate cach of the tensile strength of substrate concigic and f‘he average bond

strength between repair mortar and substrate concretc.
- Using nct <ketches, show the mode of [ailure for each test.

Question (2): (25 °) : _ L ‘ :
(¥ - The term com p:\tibii?@ has become verv popular in (lkcﬁcld_ of concrete tepatr”

.

nen t

2" Dicuss this staismant? - - "

'- : ) . . ) X ..‘ ) '.__ ) .»' e
2} To-sclect a suitable repair matcrial for each of the following works (sliown i
fiourcs), substratc concrele and dilferent types of repair matenials (A: B & C) '
= . i———— : = - - . - c -
were |ri_'vesbga(ed. he properties of all tested materials:are as follows: -
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B S SR .
,\m Shi vms University - Repair & S(rcng(hc_ning of Cox_ngrctc Slructur'cs
Faculty of Engincering uc 421608
4™ Year - Structural Engincering 2" Term Final Exam (IunL 2001) .
Departinent : l inre Allowed @ 3 hours :
""—,‘:—‘\ —-_W“_—-n—i_ o Substrate !\.’lal_\::', L \'1’1[6”4‘2:. \’ln(cll'\li -
\'. : L oA Lo i €
_ n\m(lulu\ nI (thul\ (( l") 2() _' i _|_§ ) '*5_“_ _"i_;_ 23 i
I I’mw(\n. mlm S 9-13 _ U.30 : 0.22 P 0.2 e -
(()(_“ltltnl ol lhumal (‘\pansum li 28 i {2 it :
i ' -6 i : :
i PTG N E A 3 : :
“i Drving shrinkage - _ IR 130 \ G00™ [} 1330 i
! (micro- -strain) ' : . - I :
‘ Maximum srevice temperature (¢ Ty 200 - 60 - :\ . 200 / > 300
i- Chose the sunable |c1mr materizl for each case. Give \\our i easgth T -
o “Suggest the suitabie repair procedure and used techniques for eath case. . -
iii- Add to the gl\en drawings any othm nn(cn'\ls vou ncc\l o achieve lasting - :
repmr. . - S ' )
S
r
i
! , . -

R AU W e Y

OVGT[GV Rep(]ir for PO[Ch Repcur tor )
— »Bndgé Deck | concrete Chimney o . _i

Qucstlon (3): (25 /o)

|- Put sign (V) or (x) beside cach of the follomng stalcmcnts If lhc s(:ﬂcment is
wrong; putit in the ripht form: - R oo Resdr

A In the majority of concrete structures, cracks rcsull in slructural failure 8 AeBraitoss ,)A/
b- Strengthening can be defined as 1o replace or correct deter;oqateé, ﬁamaoed or P‘O(ﬂm
faultly naterials, con)ponems or elew 1ents of a structure. X : . H,J\ S%Yw

i o : ' k‘ﬁ~|rn. r:Lx.,.‘ZIBPQ CZ:])
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ch‘ur & Str

s Umvcru() cngthcnmg of Conc cte truc ugs
“gln(‘bl |“I:‘ ) (L.ﬂ C € Y \ u_’.ﬁ) .. L
2™ Term Final Exam (June 2001)

‘,nginccrihg
T Time Allowed : 3 hours

4" Year- Scructural ¥

Dcpﬂr(mcn(

casing the cross scction of corcrcte beams is more signiﬁcant_s'(fé'ﬁgthcn'mg
od (han incr easing the cross ‘sectionofac
fou,cmcnl in the ensit
additional concrele cover:

oncrele colnmn X
a reinforced concrele

) is a.very

e~ In(,

I’HP _

d- l’mung addittonzl rein m zonc of
heam (protected by an or Dy shoLuclc

effective strengiliening method.
_1n the case of tr uctuxal repair, loaded n.comj

ssess very low “creep potcnlml X ,
ould ensure that both substiate

‘)r‘d\)vv
(- When selecting a “repailr material, designer sh
ar clastic moduli.: 7

~ conerete and repair malerials posscss simil
o- Ce mentitious based malerials has similar cocfficicnt of ther mal expansion. v’

h- Adding silica fume to eralr mortar reduces u,bound durmg shotcreting. ;/
. .—-3(()\0»’ V(SCOS\!3 T T

Jression, the repait 111éxleriél must

a~

u/) J_/') r’ j
2-@ Differentiate betwccn/each of the follgwing terms: ' Catew shvichsy.
Spalling — Scaling - Crazing "“’____3»”&/" “@®1/}h\l\l lvol to Df . P,
§ 2 S |
i Note down the desirabie qualities for (.p <y tnjection resiits. w‘?u:t'f‘ o5 Iy w\’ r-3< o
_#& Statc dowu briefly e pruwwl steps used.in € vecuting the grouting of cracLSf”*’”"-
@xcsuou (-ﬂ (25 %) o T
For u\c_ 0 'd i Tollowing cases and using net elxctchcs sta te the most suitable repair
@ ChnEn sning b eehniques — malumls I\Lu_uw - 1m.m pwp@:_'_u_q_u_fl"(:u material:
A__simnly \Ul)D()ltCO concrete beam in W hich 60 % oi the area of mam T
:rein(';)rcemc-u losl due 1o carfasion. e ‘ t
of a lm:ldmo iox “wliich slluctuxal '

@ A - coricrete column in the-ground floor.

. ——calculatiens show that the actial coMIPres
REAS '\lU’lthﬂ of lhc column sh()\\s thal (he ora

sive stiess on column =

<123 Lg/cm .
de 0( concrcle lS 790 :

alucs of dcﬂccuon bcsxdes- ha'ir""

“rension cide Evatuation of slab chows that the
Sr-remrcement is 5 o 10 /m_n boxh ‘ ) -
slab thickness is 14 cm and main

é A temfo.ced concnele slab shows hl;:h v

dmmbuleu TITCSIT Lla\.r\a Ta—the
acunl slab thickness 1s 9 cm
uc(mal drawings show that

im in bolh Jdirections.

dﬂh Tuaint

directions. Str
:un(mcumn( 15- 7 912

‘ull height 4 m. inspection nl column reinforcemeint

d- A concrete calumn ol ¢
<hows that the Lml m nl co!umn is free from stivrups (stnrum dlopped down

during casting).
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- Question (1)

) ‘. . -. ‘ . : .
- P Tensile stength of substrale Cancrefe  Trow Test Mo, |

ﬁ_t-— : Forarx Coarea=TdY Txs)~
' area T (9.€3 Cwm™

' - 550
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Repair & Strengthening Of Concreate S((ﬁuc(urcs

9- During the evaluation of a concrele structure.the quality of concréte fdo
beams, and column were checked by Schmidt hammer, Ulira-sonic

Corc tests: Test résu\l_s are as follows:

4" Year Struc. Ei\g_ Dcp(_'_ 2™ Term 2000-2001

. — oy . - = R T — T 3 : ==
' Concrete Tiement Fosiing Groung Lean Columi |
Schmidt | Rebound | 36-28-27-29 | 27-19-31 - 28 | "

Hammer

No. -

1 25-24-26-32

36 -24-27-28

32-33-30-30
24-31-40-- 31

‘Ultra-

sone -

Transit
Time

(s scc)

1330 - 1326
i 13361334
| 1129-133

69 - 67 - 66

77

Cortection

Factor 0.94% 0958 . 0.88
‘Direction of | ‘ ’ T

leg, pround -
pulsc velocity., and

Drilling -

‘ _ ,_'\/cr_tical

R A O

_Horizontal .

{mm)
\sisreig

{ Biameiaof
Specimen

S R

RPN S,

T T T ST

) —Hc_ighl

.} Speeimein .
it DA FRITIIN M DO
(mm)

l
!
|
|
‘.

i%orl ontal

Cappine

v ienY- aeis b3

Height afier |

()
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Ve Aot W

Failure
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b-
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Differentiaic between the advantages an

I

Direction and placing of tests 2re shown in figure (1)

1

d disadvantages of
techniques Tor the cvaleation of concreie structures. ) -
B- Calculate the compressive sirenath of all concrete clements by
of cach technique (figures 2. and 3 mav be vsed). -
Discuss the causces of differdnee in resuits.

the Luse of the lex

the use of test resulis
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