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ABSTRACT

Reinforced concrete deep beams may exist in many structural applications such as offshore structures,
transfer girders, pile caps, tall buildings and water tanks. The depth of deep beams is much greater
than normal in relation to their span. Since the beam is short in this case, shear deformations are more
important and special design methods should be applied in this case rather than normal beam theory.
Continuous deep beams are defined in the Egyptian Code of Practice (2012) [2]as those beams whose
height to effective span ratio greater than 0.4. Deep beams are members with special features. In such
beams, plane sections do not remain plane after bending, with significant warping of the cross-
sections because of high shear stresses. The resulting strain distribution is no longer linear and
flexural stresses are not linearly distributed even in the elastic range. Recently, high strength
concrete, defined by the American Concrete Institute ACI318-08[3], as concrete with cylinder
compressive strength greater than 60Mpa, is being widely used in the construction industry.
However, limited research efforts were directed towards the study of the behavior and shear strength
of reinforced high strength concrete continuous deep beams. Furthermore, sometimes web openings
have to be provided in deep beams for the purpose of access or for providing services. The presence
of such openings may affect the shear strength of deep beams. However, limited investigations were
directed towards the study of continuous deep beams with openings. Also, strengthening simply
supported deep beams using carbon fiber reinforced polymers (CFRP) was investigated by many
researchers. However, limited research papers were directed towards CFRP strengthening of
continuous deep beams. Experimental tests have been carried out on rectangular reinforced concrete
continuous deep beams with a/d=1.17, under static loading up to failure. The study takes into
consideration the following parameters: Percentage of web reinforcement (py), Positions of
openings and number of openings. Also, strengthening of openings in continuous deep beams using
glass fiber reinforced polymer (GFRP) was studied in this research. Test results indicated that the
presence of web openings within exterior or interior shear spans had great effect on the beam
capacity and its behavior. Existence of web openings within exterior or interior shear spans caused a
high reduction in the shear capacity of the beams by about 35%. Therefore and whenever should be
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kept clear of the natural load path joining the loading and reaction points (solid) free from openings.
Also, the strengthening of openings contains the cracks and increase the crack and ultimate load.

Finally we will compare the test results with the theoretical values for beam A1l which were evaluated
using strut and tie analysis according to Egyptian code (2012). The strut—and tie method can be used for
the design of Disturbed regions (D- regions) of structures where the basic assumption of flexure theory
namely plane sections remaining discontinuities arising from concentrated forces or reactions and near
geometric discontinuities such as abrupt changes in cross section etc. The strut — and- tie method of
design is based on the assumption that the D-regions in concrete structures can be analyzed and design
using hypothetical pin-jointed trusses consisting of struts and ties interconnected at nodes. The usual
design practice for continuous deep beams has been to employ empirical equations which are invariably
based on simple span deep beams testes. Given the unique behavior pattern of continuous deep beams,
this practice is unreliable. Since continuous deep beams contain significant extents of D-regions and they
exhibit a marked truss or tied arch actions, the strut- and — tie method offers a rational basis for the
analysis and design of such beams. The mechanics and behavior of continuous deep beams are briefly
discussed from which a strut—and—tie model for such a beam is developed.

Keywords: high performance concrete, deep beams, Percentage of web reinforcement (p;,), Positions of
openings and number of openings.

1. Introduction

Reinforced concrete deep beams are used in structures as load distribution elements
such as transfer girders, pile caps, and foundation walls in tall buildings. Although these
members commonly have several supports, extensive experimental investigations have
brought simple deep beams into focus. The behavior of continuous deep beams is
significantly different from that of simply supported deep beams. The coexistence of high
shear and high moment within the interior shear span in continuous deep beams has a
considerable effect on the development of cracks, leading to a significant reduction in the
effective strength of the concrete strut, which is the main load transfer part in deep beams.

Indeed, few experiments were carried out on continuous deep beams of shear span-to-
overall depth ratio (a/d) greater than 1.08 [4]. The results of simple deep beams tested by
Tan et al [6].and Smith and Vantsiotis [7] showed that the relative effectiveness of
horizontal and vertical shear reinforcement on controlling diagonal cracks and enhancing
load capacity reversed for deep beams having an a/d less than 1.0, that is, horizontal shear
reinforcement was more effective for an a/d below or equal 1.0, whereas vertical shear
reinforcement was more effective for an a/d lager than 1.0. Therefore, a reasonable
evaluation of the influence of shear reinforcement on continuous deep beams having an a/d
less than 1.0 requires further investigation.

In the construction of modern buildings, transverse openings are often provided through
beams for the passage of utility ducts and pipes to better utilize the otherwise dead space below
the beam so fit. Such an arrangement of building services leads to a significant reduction in the
dead space and results in a more compact and economical design. For multistory buildings in
particular, the savings in story height that achieved at each level gives a substantial savings in
the surface area of partition walls, length of riser ducts, and overall loads on foundation.
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Therefore, special strengthening should be provided around the opening to contain the
width of cracks and to prevent possible premature failure of the beam.

The provision of transverse openings will, however, change the continuous deep beam
behavior into a more complex behavior. It is obvious that the provision of openings produces
discontinuity in the normal flow of stresses, and these results in stress concentration and early
cracking around the opening. The ultimate strength of the beam may also be seriously affected.

2. Experimental work

An experimental program was conducted including twelve reinforced concrete two-span
continuous deep beams. All tested beams were fabricated, instrumented and then tested to failure
under the effect of two concentrated loads one being placed at each span. All beams were made
using high performance concrete. The main objective of this study was to investigate the behavior
of two — span continuous deep beams within the whole range of loading starting from the elastic
range up to the failure of each beam. Many significant factors were considered such as:

1- Percentage of web reinforcement (py),

2- Positions and Number of openings being placed within the interior or exterior shear
spans and in flexural region.

3- The effect of strengthening of two—span continuous deep beams on its behavior was
considered in the case of beams provided with openings.

2.1. Materials

2.1.1 High performance concrete (H.P.C).
Concrete mix used to produce high performance concrete is given in table (1).

Table 1.
Concrete mix proportion.

coarse
- Superpl. Fine aggregate 2
Cement Silica- Watel; liter/m® | aggregate kg/m’ feu(kgfem’) Slump
concrete 3 fume | liter/m 3 (cm)
ke/m™ | yom’ kg/m 7days | 28d
g (BVS) (crushed ays ays
bazalt)
C 500 110 132 17.5 563.59 1127.17 660 872 16

For high performance concrete (f.,= 900 kg/cm?2), the constituent materials were:

1- Ordinary Portland cement, its properties agreed with ECP 203.

2- Crushed Bazalt; the used crushed basalt was 20 mm nominal max. Size, 2.70 specific
gravity, and 2.36 t/m’ volume weight.

3- Local sand; the used sand is a medium type one which has a specific gravity and
volume weight of 2.50 and 1.65 t/m’ respectively.

4- Potable water was used.

5- Superplastisizer; the used additive was Addicrete BVS having a density of 1.15 t/m’.

6- Silica fume; it is produced by EFACO (Egyptian Ferro-Alloys Company) which resulting
from the reduction of high-purity quartz with coal in electric arc furnaces in the
manufacture of ferro-silicon. The fume which contains between 92 and 95 percent silicon
dioxide (sio2), and consists of extremely fine spherical glassy particles, is collected by
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filtering the gases escaping from the furnaces. The average particle size is 0.1 mm, the
specific surface area is ranging between 12 and 15 m”g, and the specific gravity is 2.15t/m”.

7- Glass fiber: is the common name for glass-reinforced plastic (GRP) or alternatively
glass-fiber reinforced plastic (GFRP) Fiberglass is also known as GFK.

Glass fiber is a fiber reinforced polymer made of plastic reinforced by glass fibers,
commonly woven into a mat. The plastic may be a thermosetting plastic- most often epoxy,
polyester- or vinylester or a thermoplastic. The glass fibers are made of various types of
glass depending upon the fiberglass use.

Glass fiber is a strong lightweight material and is used for many products. Although it's
not as strong and stiff as carbon fiber it is less brittle, and its raw materials are much
cheaper. Its bulk strength and weight are also better than many metals, and it can be more
readily molded into complex shapes. Applications of fiberglass include, aircraft, boats,
automobiles, bath tubs and enclosures, hot tubs, septic tanks, water tanks, roofing, pipes,
cladding, casts, surfboards, and external door skins.

-0

Fig. 1. glass fiber used in strengthening of beams.

Table 2.
Typical properties of fibers.
. Tensile Young's
Diameter .
Tvpe of fiber (mm) Strength modulus | Elongation
yp kg/cm2 kg/cm2 (%)
Glass fiber 1.5-4 2.5%10* 8*10° 3.6

2.2 Test procedure

All beams were tested under two point static loading. The load was increased up to 5.0 tons.
Then; the load was applied in increments each of 5.0 ton for all beams. The load was kept
constant every two successive increments for five minutes. During this period, the mid span
deflection was recorded, cracks propagation were traced, and readings of strain gauges were
recorded. For each beam, the total duration of loading up to failure was different depending upon
the openings position, strengthening of openings, and the founded of horizontal reinforcement.


http://en.wikipedia.org/wiki/Fiber_reinforced_plastic
http://en.wikipedia.org/wiki/Plastic
http://en.wikipedia.org/wiki/Glass_fiber
http://en.wikipedia.org/wiki/Thermosetting_plastic
http://en.wikipedia.org/wiki/Epoxy
http://en.wikipedia.org/wiki/Polyester
http://en.wikipedia.org/wiki/Vinylester
http://en.wikipedia.org/wiki/Thermoplastic
http://en.wikipedia.org/wiki/Carbon_fiber
http://en.wikipedia.org/wiki/Orthopedic_cast
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2.3 Measured deformation of beams

Strains of concrete and steel were measured by means of electrical strain gauges at the shown
positions in fig (2).The gauges length were 52mm and 800mm for steel and concrete
respectively. The resistance was 600 ohms and gauge factor (2 + 0.75%). Strain gauges were
connected to strain indicator. The beam deflection was measured using dial gauge with accuracy
of 0.01mm fixed at the position of maximum deflection for each beam as shown in fig. (2).

concrete strain gauge P2 Pr2 concrete strain gauge

h

deflection gauge (1) deflection gauge (2)

steel strain gauge|

Fig. 2. Method of measuring deformation of beams.
2.4. Tested beams

The beams were tested with main bottom steel diameter 4#18mm and main top steel
diameter 2#18mm, rectangular cross section equal to 12x70 cm?).The dimensions of all
openings equal to 18%18 cm. All beams have been casted with concrete having 28 days'
strengths of about 900kg/cm’.The considered total length for all beams were 320cm as
shown in figures (3, 4, 5, 6, 7, 8,9). Table (3) showed the details of the tested beams.

Table 3.
Details of the tested beams

3.1. Group of beams without Openings (A).

GI'Ollp A ph% Position of Openings Number of Openings
Al(Ref) 0.32 - -
A2 0 - -

3.2. Group of beams with openings (B).

Group B pno Position of Openings Number of Openings
B1 0.32 m one
B2 0.32 @ Two
B3 0.32 @ three
B4 0.32 four
B5 0.32 m five
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3.3. Group of beams with openings strengthened by glass fiber(GFRP)(C).

Group C ph% Position of Openings Number of Openings ngthening of Openings
Cl 0.32 @ one (GFRP)
2 0.32 @ two (GFRP)
C3 0.32 @ three (GFRP)
C4 0.32 four (GFRP)
Cs 0.32 m five (GFRP)

1- Group of beams without Openings (A).
P2 P2
B i —
" /
o. 318
0,12 2 A
c.; s 2,5 I . 1.5 ?_1
Fig. 3. Details of beam (A1l).
Pz Pz
! E
agan ||| e |-
0.1 1.5 1.5 o,1
Fig. 4. Details of beam (A2).
2- Group of beams with Openings (B).
Pz Pz
1,5 .
o L JEETY :
= |
S
0,1 1.5 1,5

| e [}
|

Fig. 5. Details of beam (B1).
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Piz Pz
1,5 .
: : P10/ m
0686 018 086 0.18 0.66
0,1 1,5 . 1,5 0,1
Fig. 6. Details of beam (B2).
Pz Pr
1,5 )
o6 ness oo g om i
7/
-1 2]
- - -
g8 _018._ 0.66 . oE6 .0.1:8 0.66
0,1 1,5 1,5 ©,1
I i ——|
Fig. 7. Details of beam (B3).
P2 P2
1,5
SPo/m
ZN Z5 ﬁJ
0,09 ,0.1§ 0.96 0.8 0.09 0.08 018 0.96 p.18, 0.09
0,1 1,5 . 1,5 ©,1
;—— IA m——
Fig. 8. Details of beam (B4).
P2 Pz
1,5
L | feer=

0.96

E} 18= O.E.)Q

1.5

1.5

Fig. 9. Details of beam (BS).
3- Group of beams with strengthening of openings (C).

0,1

The same figures of group (B) , but we strength the beams by glass fiber around the

openings

according to the fig. (10).where the glass fiber putted on beams around the

openings and extend to distance 7.5cm from left, right, upper and lower of the opening
from two sides of the beam and passing inside the opening within the width of beam.
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S

Elevation

width of beam(12cm)

apenihgilBcm*l 8cmy
—

glass fiber;

<

Details of strengthening of opening

Fig. 10. Shape strength of beam by glass fiber.
3. Test result
3.1. Crack pattern and mode of failure

The crack pattern and mode of failure are explained for the tested reinforced high
performance concrete (H.P.C) deep beams. Twelve high performance concrete two-span
continuous deep beams were tested under static loading. The cracking and ultimate loads
were recorded in table (4) and the deflection and strain for concrete and steel were given in
table (5). Mode of failure for each beam was as follow:

1- Group of beams without Openings (A).

/2 P2

_&%ﬁ/ G A/

Fig. 11. Crack pattern of beam (Al).
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{ \ &a}) l)//'l \

Fig. 12. Crack pattern of beam (A2).
2- Group of beams with Openings (B).

Fig. 13. Crack pattern of beam (B1).

Fig. 14. Crack pattern of beam (B2).
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32 /2

Fig. 15. Crack pattern of beam (B3).

L
-5 -

22 . __-_"'\‘sao
o /.r P = i

z= -
Fig. 16. Crack pattern of beam (B4).

/2 P? 2

| |

Fig. 17. Crack pattern of beam (B5).
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3- Group of beams with strengthening of openings (C).

132 22

m\li\ / 75\J/ 70
R TR TR

Fig. 18. Crack pattern of beam (C1).

P2 e

//?:iw"”\

A/
= S >

A TN

Fig. 19. Crack pattern of beam (C2).

Pra Brz

AL i 50
o Ny o ER e
Pl ; — - o hE T
// ’? 15 C \‘Q’ \;k-\k'\ -"":‘a A 1«.‘:“’-2‘ \\“"-“5'“:!"""\
P o e

Fig. 20. Crack pattern of beam (C3).




1149
Mahmoud Abdou Mahmoud Hassanean et al., Behavior of high performance continuous R.C. .........

I

Fig. 21. Crack pattern of beam (C4).

. Y

r‘m 3
=
=~ mm =
s L FE o~ - - 70
5_—"g /7 &0 .75 y T —Ig
79 108 [ i 75, / s 108" 105
P 100 7 =105 75

Fig. 22. Crack pattern of beam (C5).

Table 4.
Test results of high performance concrete continuous deep beams with or without openings.
rackiog
boad i et MEode af faibare
ﬁ.'rt_n*:q:' Spectmen Ecm Eomed
Mo e cm™} Pex | Buihkan
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B B3 B5E% | SO0 | r=0 | 1800 3.4 | Shrar-cesmpression
Ba 562 250 | T3S 1150 365 E] Shear
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1 Sl &5a | TES X700 x4 [ Shear-compression
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Table 5.
Results of deflections, concrete, and steel strains of the tested beams.
€suB
Group Beam oy 5 5 €sut
No. No. (mm) Cou X 10 x10 x10°
A1(Ref) 6.50 175 150 144
A
A2 6.83 190 214 178
B1 7.10 121 132 110
B2 7.50 140 162 150
B B3 7.65 150 210 202
B4 8.0 161 225 212
B5 8.2 170 233 225
C1 6.65 156 148 141
C2 6.80 184 160 171
C C3 7.05 228 175 208
C4 7.40 232 180 230
C5 7.65 248 205 260

3.2. Deflection characteristics.

The measured values of maximum deflection are plotted versus the applied load from

starting the loading up to failure as shown in figures from (23) to. (25).

3.2.1. Group of beams without Openings (A).

Fig. 23. Load - Mid Span Deflection relationship for beams in group (A).

Load(KN)

Deflection (mm)
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3.2.2. Group of beams with Openings (B).

TEH0
1600
1400
1200
1000

BOO

Load (kN)

GO0

400

200

Deflection (mm)

Fig. 24. Load - Mid Span Deflection relationship for beams in group (B).

3.2.3. Group of beams with strengthening of openings (C).

1800
1600
1400
1200

1000

P
: : - C2

Load (kN)

ca

] —cs

Deflection (mm)

Fig. 25. Load - Mid Span Deflection relationship for beams in group (C).
3.3. Concrete strain distribution.

Figures (26) to (28), shows the behavior of the concrete strain in compression for all
beams. The results indicated that all specimens presented almost have the same trend
where the load increased, the strain also increased.
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3.3.1. Group of beams without openings (A).
1800 :
1600 Tt

1400

Concrete strain *10-5

Fig. 26. Max-Concrete Strain versus applied load for beams in group (A).

200

Concrete strain *10-5

Fig. 27. Max-Concrete Strain versus applied load for beams in group (B).

1800

1

pr=(0.32)

S5 rmm—

SR

250

3.3.3. Group of beams with strengthening of openings (C).

1600 i

o

i

I* concrete strain

Load (kN)

e
o
FHe

i |

‘; ;; ;\ —C4

o ecs

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280

Concrete strain*10-5

Fig. 28. Max-Concrete Strain versus applied load for beams in group (B).
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3.4 Steel strain distribution.

Figure (29) to (31), shows the behavior of the steel strain in tension for all beams. The
results indicated that all specimens presented almost have the same trend where as the load
increased, the strain also increased.

3.4.1. Beams without openings (A).

1600

1400

1200 +

1000 +—F——

g

= 800

3 on=(0.32)
600
400
oo — a2 [T
o pr=(0.0)

Steel strain *10-5

Fig. 29. Steel Strain Distribution for beams in group (A).
3.4.2. Group of beams with openings (B).

L
u ——B1

s w —E—B2

Gty
o
f

o 50 100 150 200 250
Steel strain*10-5

Fig. 30. Steel Strain Distribution for beams in group (B).
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3.4.3. Group of beams with strengthening of openings (C).

1000
et ——C1
+ -~—s

—C2
— =

Load (kN)

—_—a

sy |

i
] —=—cs

0 50 100 150 200 250

Steel strain*10-5

Fig. 31. Steel Strain Distribution for beams in group (C).

4. Discussion of test result

This item describes and interprets the analysis of the obtained test results of the HPC
deep beams. Twelve high strength concrete two-span continuous deep beams were tested
under static loading. The analysis includes the relationship between the value of cracking
and ultimate loads, deflection, concrete strain; and steel strain for tested beams. The
characteristic of tested beams at cracking, ultimate load, deflection and strain are given in
tables (4) and (5). the values of the experimental measured parameters of beams are shown
in figures (11) to (23).From item (3.1), it is obvious that, all beams failed in shear or shear
compression, in spite of the different of shape of beams according to founded of openings,
openings position and strengthening of openings. In the early stages of loading, no flexural
cracks were observed in the region of bending moment or shear zone as the applied load
increased. With a further increase of load, diagonal cracks formed in the shear span area;
and bending moment area and developed towards the loading points.

The failure modes of beams in groups A & B and C are presented in tables (4), (5), the
most common failure for the tested beams is a diagonal tension failure accompanied with
compression failure. The shear failure in deep beams is always initiated by splitting action.

Diagonal tension accompanied with compression failure was observed in group A and
beams (B1,B2,B3,C1,C2,C3).while diagonal tension only was observed in beams
(B4,B5,C4,C5) according to openings and its positions.

Structural concrete members can be divided into two regions: Bernoulli regions (B-
regions) and disturbed regions (D-regions). B-regions are the areas of structural concrete
members that linear strain distributions are assumed to be valid. D-region is assumed to
extend a distance equal to the largest cross- sectional dimension of the member away from
a geometrical discontinuity or large concentrated load (5).

In solid deep beams, the first flexural cracks generally appeared in the B-region
(Bernoulli assumption is valid) in the range of 10% to 25% of maximum load, and these
are followed by independent diagonal cracks in D-region (disturbed zone) in the range of
40% to 75% of maximum load. With the increase in load, the flexural cracks did not
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develop anymore and inclined cracks newly appeared in the strut direction. The beam
ultimately failed at concrete struts joining the load points and supports.

In deep beams with openings in shear region, the first diagonal cracks occurred near the
bottom and top corners of openings. These cracks gradually developed towards the load
points and Flexural cracks appeared in the B-region in the range of 50% to 80% of
maximum load and developed toward corner of the opening.

In deep beams with openings in moment region, it behaved like a solid beams.

The presence of openings has a considerable effect on pattern of cracks and modes of
failure when openings founded in shear zone. When the openings founded in moment
zones the failure happened due to diagonal tension accompanied with compression. But
when openings founded in shear zones the failure happened due to diagonal tension only.

The strengthening of openings with (glass fiber reinforced polymer) has a considerable
effect on pattern of cracks and modes of failure, the strengthening of openings contain the
width of cracks and increase the cracking loads and ultimate loads.

The effect of each parameter individually can be explained as follows:
4.1 Cracking and ultimate load (p.,, p.).
4.1.1. Effect of percentage of web reinforcement (pj, ).

1900

1800 |
1700 | —
1600 I
1500 I
1400 I
1300 I
1200 |
= 1100 |
= 1000 |
= s00 |
o so0 s
7o0 1
s00 I -
s00 |
400 —_—Pu
300 | —i
200 |
100 | (s [isssstaisiis | e
o
AZph=(0.0) Al ph = (0.32)

Fig.(32): web reinforcement ratio (pu %)

4.1.2. Effect of number and position of openings.

Load [kN)
i
]

200 P = = Y = 1 s —— o
Cr e ) B sl

B: B2 B Ba By

Fig.(33). Effect of openings(number and position)
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4.1.3. Effect of strengthening of openings (C).

2000
1800

1600

200

‘\’—‘\_.

Cl

c2

c3

Fig.(34):Effect of the strengthening of openings

—d 1
e e
c4 cs

4.2. Comparison between solid deep beam (A1) (Reference) and tested beams.

Results for beams have different in web reinforcement ratio and beams have openings
in shear region or in flexural zone with respect to results for beam (A1) are included in
table (4) and shown in Figs (35) to (37). Tests indicated that the crack and ultimate loads
have high reduction when openings located in shear region. While openings in flexural
zone has not significant effect on ultimate and cracking loads. Also, the ratio of web
horizontal reinforcement has small effect on ultimate& cracking loads and the cracks. The
test results indicated that the deflection of the beams has small different between all tested
beams. Where all the beams have the same strength of concrete. Also, the results observed
that the values of deflection small comparison with the values of loads and span. These

results observed the significant effect of high strength concrete.

Table 6.
Comparison between Al (Ref) and tested beams results.
Series| Beam | O /Qmer | BooBormas | Bo'Bunar | 8o Scomar | S Sumes
™Mo. ™No.
Al(E=f) | 1 1 1 1 1
A
A T.E6 058 o587 T.07 T.05
Bl Q.79 096 094 L.12 1.0%
B 0.79 =Ty 0. 93 I.43 1.15
B3 .71 =Ty 0. 66 L.55 1.18
B =3 =
=4 036 052 0.6 T.66 T.Z3
BS 0.36 0.91 0.97 I.BEZ 1.26
c1 0.93 098 0 97 109 1.0
2 0.B6 096 0.97 I.1E8 1.0%
-
c3 O.B6 o986 0 .96 1.3 1.08
Py 0.57 Q.98 07T LI.45 1.1
Ly .57 098 0. 73 L& 1.18
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Comparison between the test results and the theoretical values for beam A1 which were
evaluated using strut and tie analysis according to Egyptian code (2012).
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4.3. Analysis of continuous solid deep beam by strut and tie model

The strut—and tie method can be used for the design of Disturbed regions (D- regions)
of structures where the basic assumption of flexure theory namely plane sections
remaining discontinuities arising from concentrated forces or reactions and near geometric
discontinuities such as abrupt changes in cross section etc. The strut — and- tie method of
design is based on the assumption that the D-regions in concrete structures can be
analyzed and design using hypothetical pin-jointed trusses consisting of struts and ties
interconnected at nodes . The usual design practice for continuous deep beams has been to
employ empirical equations which are invariably based on simple span deep beams testes.

Given the unique behavior pattern of continuous deep beams, this practice is unreliable.
Since continuous deep beams contain significant extents of D-regions and they exhibit a
marked truss or tied arch actions, the strut- and — tie method offers a rational basis for the
analysis and design of such beams. The mechanics and behavior of continuous deep beams
are briefly discussed from which a strut-and-tie model for such a beam is developed.

(c)
Fig. 38. Strut and tie model for continuous solid deep beam.

The results obtained from this model may be summarized as follows
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Table 7.
Summarized theoretical results of beam (A1).

Strength of nodes, kN Strength of struts, kN Strength of ties, kN

Nodal zone a Nodal zone ¢ Exterior Interior
(exterior support) | (interior support) strut strut Tie T1 Tie T2
Cl C2
3184 1226 2228 1554.4 2688.2 3080.2

The table indicates that the failure in the model occurred at load P = 1226 kN at the
middle support due to the high value of the interior reaction R2. The strength of the interior
strut was close to the failure of the model.

The theoretical results which were evaluated according to Egyptian code indicated that
the continuous solid deep beam (A1) achieved theoretical failure load less by about 30%
than experimental failure load. (Pth/ Pexp) = (1226 / 1750) = (0.70).

5. Conclusions

Test results of twelve two-span reinforced concrete deep beams, with or without web
openings are reported. All test specimens had the same cross-section, main longitudinal top
and bottom reinforcement. The main parameters considered were the Percentage of web
reinforcement (p;,), position, Number of the web openings, and strengthening of openings.

Based on the results obtained from the experiments, the following conclusions may
be drawn:

1- Test results indicated that the presence of web openings within exterior or interior
shear spans had great effects on the beam capacity and its behavior. Existence of
web openings within exterior or interior shear spans caused a high reduction in the
shear capacity of the beams. Therefore and whenever should be kept clear of the
natural load path joining the loading and reaction points.

In these tested beams. The first visible diagonal cracks generally appeared at the
top and bottom corners of web openings towards the load points and supports at
different load levels.

2- The formation of diagonal cracks in continuous deep beams started at mid-depth
along the line connecting the loading plate and the supporting plate then
propagated gradually towards both the loading plate and the supporting plate
accompanied by the formation of other lines of parallel diagonal cracks. Finally,
for continuous solid deep beams failure occurred by shear along the strut
connecting a concrete crushing under the loading plate or supports.

3- If the openings were clear of the natural load path e.g. within mid span region, the
test results showed that these beams behaved almost in a manner similar to the
companion solid beams. Therefore, these regions are suitable for providing
openings when required.
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4-

Solid continuous deep beams showed more distributed cracks than beams with
openings within exterior or interior shear spans, where dangerous cracks would be
situated above and below the openings. Therefore, the regions above and below the
openings should be well protected.

5- In the design of the majority of solid deep beams, it is usually necessary to consider

shear for the ultimate state only. In the design of deep beams with openings,
however, shear may also be important considerations for the serviceability limit state
of cracking. Continuous deep beams of the present study showed severe cracks
before failure, therefore, serviceability limits should be considered in the design.

6- Test results observed that the horizontal web reinforcement ratio (p,) has significant

7-

effect on behavior of cracks. But has not significant effect on ultimate loads.

Test results indicated that the strengthening around the openings by GFRP has
significant effect when openings located at shear region where the strengthening
enhancement the cracking loads and the failure loads. Also, the strengthening
contains the cracks around the openings. But has not significant effect if the
openings in moment region.

REFERENCES

[1]

Aguilar, G, Matamoros, AB, Parra-Montesinos,GJ,Ramirez Jand Wight JK (2002)"
Experimental Evaluation of Deign Procedures for Shear Strength of Deep R.C.Beams" ACI
Structural Journal,Vol.99 No (4) PP. 539-548.

Egyptian Code of practice, Permanent Committee For the code, "Design and construction of
reinforced concrete structures "Fourth Edition, Housing and Building research Center and
Physical Planning , Cairo, Egypt, 2012 .

ACI, “Building Code Requirements for Structural Concrete (ACI 318-08) and Commentary,
section 10.7 and R10.7,” 317-318, 2011.

Yang , KH, chung, H.S, and Ashour, A.F," Influence of Shear Reinforcement on R.C.
Continuous Deep Beams " ACI Structural Journal Vol. 104, No.4,July-Aug, 2007, PP. 420 — 429.
Nile P.Bahen ,"Strut-and-Tie Modeling for disturbed regions in structural concrete members with
Emphasis on Deep Beams", a thesis submitted in partial fulfillment of requirement for the degree
of Master of Science in civil and Environmental Engineering, University of Nevada, Reno.

Tan, K.H, Tong, K, and Tang, C.Y, “Consistent Strut and Tie Modeling of Deep Beams with
Web Openings” Magazine of Concrete Research, Feb .2003, Vol . 55, No.1 PP. 65 —75.

Smith ,K. N., and Vantsiotis, A.s."Deep Beam Test Results Compared with Present Building

Code Models." ACI Journal, Title no.79-28, July-August 1982, pp.280 287.



1161
Mahmoud Abdou Mahmoud Hassanean et al., Behavior of high performance continuous R.C. ...... ...

5 _yaiuall dfiand) daticall Auilu AN &l past) & glu
Lecha o8 g culaial) g dllad) da glial) <)d
Al gadlall

Asandl ) eI alal) & L A 50 58 Canl) 138 (e (ot I Cangd) A gLl dlle 5l jal)

A Aggiia A3 yall Ala ) e 2y b€l Jlaadl) il cand @lld g abilaiall o ) €13 5 paiasall 5
b Sl 8 Y bl das Fa o Caand) 138 8 L) &5 Al Ol pusiall aal ey gV
35Sl e 8l (al Clalga) oaal Adlaia A ) g Wad ga g oSl g cilatall aae A g Ccila ) g
Lipandl ol 5aS)) o claill 3 ga g il Al ol @lld 5 a8 culalga ol Ailaia gl A Ll ) Jaws 5l
il 83 5 Jall il Sl ae i 5 Al 25 el e 5 5dle da slial) Alall Al jall Gl 5 el
AN e claal) Jga Ll 5 Ll Ly el o5 3 e 300 Gl i) 5 aladiily L i g

$ o e om IS Chualie o) (lilie (ol 8l at LSO U Sagat s Lgmias o3 ol Sl e
il 3 pS1)

Do 228 900 s N Joad da slia <13 o slial) Alle Al HA0) (e Lgmsioad o5 il S pren
c«L\A.N\‘ag.uu.nL\é@Jﬂﬂ;\;m‘)hw\&u\.}ﬂ\h\@%&)\.\.\;\é&\fﬁ\b&@n}
, Al Al 1) ALYl o slall s ol e 1) aaad) e JS 8 Rala) ALY A (ol SIS
LS e LISl 5 5 5l jlase auii SIS 5 7 58 J sl Jlaad 9 & 5l Al jo 23 ey e 5 0le
Bl b G (Al ilSa s Al il JSE a5 eV Jlaal

Do Le il pe ki) M8 g

Sslu s 3liS o 5u€ 5l al dn Hlall o 4daal) il dlaie b Claiil) 5 g 5 Of i) s - ]
35 o ) el ol oSl Aa glia 8 s s o (adl) Ailaia & colaal) 3 ga g o Cua ) S
028 & 48 Cun I3 (Sl LS Facaa 338 5115 Jaall G Jay 53 3 didaiall Jra g Al |
Shesall sl & clavidll il 5 5 slall ol & edai La sae &y jlal) & 5 5l o daaSla a3 il el
B8N 5 Jaadl G oy 3

s2¢d £l )Y Caaliia (8 1055 5 jaivsall Adpand) Cl paS) 8 4, yhadl) & 5 i) of i) Camza ol 22

5 Sl 5 Jandl Aals Ly 58 i 13 3y o5 5 58 )0 5 Jead) G da yy (630 jlusall DA il S
ol A B paivsall Adpand) ol paSIl (8 (LW Camy Ll Ay Led A ) 50 4y yhad & 5 s 4 paae
Cdasal) dadaia 8 dlu Al i U sacae g Laall JDIA

ol Sl o3 (o LAY il Cana gl g jal) dilaia (sl Jan) e e lapmy claidl) 3 g g 2ie -3
Claidl) i ol Alia o jall dilaia a5 dakaiall sda b L 5 Aiacaall ol eIl Ly 5 Al ) oS3
REICPRARNS

(o il 53 5 all l el (e ST g il Ly ) 55 Aanaall 5 jpaiusall Aandl il juSll Cinia il 4
Gy sl Jga shaliall o3a (8 S5 | claidl) e g Jand 3 julad &5 58 & el Cua (il ddlaia
; et Lgape

i 3aSW aparai b OS] T il o 8 acil Ble) e Balall 8 o) Aieiaall Aipanl) o oSl aranal i -5
Alia of A jall oda < jelal Eum Slae V) b Jaiill Ala ya 8 (il 5 8 340 iy Claidl) 3 dianl)
praaill e V) 8 Wadal cany Jaanill A e b Uil 5, 5lagdV) Ji8 LgidanDle o3 & 5 5] (e yaal)



1162
JES, Assiut University, Faculty of Engineering, Vol. 42, No. 5, September 2014, pp. 1138 — 1162

SN il e Gl o815 5,80 JSE e maal il 4l 81 bl sy A o) i) i -6
a0 50 el 8 gV Jaadll Jes e

Leaie Jlad 5 4l gl 51 ol ) 5 alascialy colaidl) 4 5 o ddasDle o3 Al yall 038 3l (40 -7
ALVl e das s & 5 il dea (pand o 4y 8l Jand Cum | Gail) A3kaie & claidl) ()5S
ol g el Ailaie a3 sl A g5 of i ) (81 i) Jga Fog ) gl ase i) o
O 38 e 1) G Alasall Al 5ol Liagl Canca gl 5 | gV Jas e sl 55,8l K3 e Sy s al
Sl e 9 25 Ay JB) CilS LT 533l ) % 17 I Gall) Addaie 8 culatidy 335 el 5 Sl & gl
C el S e AAN 5 paiesall 5 Agesl)



