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The Structural Behavior of Indirectly Loaded Flanged Deep
Reinforced Concrete Beams.
Prof. Dr. Anis A. mMohammad-Ali. Mr. Yousif Jabbar Laftah.

University of Basrab, Department of Civil Engineering

Irag _Basrah

Abstract:

‘The study s nimed to investigate the structural behavior of indirectly loaded flanged
deep reinforced concrete beamns. Twenty one flanged deep beams weTe tested. The
behavior of beams under loading was ohserved. Cracking and ultimate loads wetre
recorded.
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introduction:

Some reinforeed concrete membets
have depth much greater than normal
flexural members, in relation to their
spap, while the thickness in the
perpendicular direction is much smaller
than cither span or depth. Members of
this type are called deep beams in which
the shear span /effective depth ratio is
less than 2 for simply supported beams .
A or Jess than 2.5 for any span of
continuous beam ¥, According to the
ACI Building Code 318-05%) beams with
clear spans less than or equal to 4 times
the total member depth or with
concentrated loads placed within twice
the member depth from the face of the
support, that are loaded on one face and
supported on the opposite face so that
compression siruts can develop between
the loads and the supports, are classified
as deep beams.

Reinforced concrete deep beams
have many useful applications in
building structures such as transfer
girders, wall footing, foundation pile
caps, floor diaphragms, shear walls and
offshare  structures'”. The  sironger
compression zone provided by flanges in
T-sections precludes shear compression
failure in T-beams and as a result

improves the shear strength capacily 5. 8]
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Detajls of Test Beams:

The test bearns were divided into
three groups of  similar  shear
span/effective depth ratios 1, 1.4 and 1.8
respectively. All beams were of T-cross
section, had web thickness of (120mm)
and had central intersecting member with
the same overall depth of the beam. The
details and dimensions of the beams are
shown in Table {1). Each group consists
of six beams, they had overall depth of
300mm, two of six had flange width of
360mm and flange thickness of 90mm,
and 60mm respectively the other two had
flange width of 300mm and flange
thickness of 90mm, 60mm respectively.
The last two of them had both flange
width of 240mm and flange thickness of
90mm, 60mm respectively as shown in
Figures (1 and 2). All beams were single
span and without shear reinforcement.

The beams were designed to fail in
shear, to satisfy this type of failure a
suitable reinforcement was provided to
avoid premature flexural failure. The
design compressive strength of about 25
MPa after 28 days and slump of about
120 mm P B The main reinforcement
was 12mm diameter deformed steel bars
with vield strength of 420 MPa and
anchored at the ends with 90 degree bent.
Bearing plates of (100mm width, 10mm
thickness and 120mm length) were seat
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at loading and supporting points in order
10 avoid local bearing failure as shown in
Figure(3).

Table (1): Details of Tested Beams

Fig (3) leading Type
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Bleam Ia Fre I |
N, v s \ N/t Nmeg® | Moot | e
Series L . l

TBIGH 0 167 | 3100 300 330

To2Gel | L0 167 | 00 75 500 ot e
THAG () 167 | 31.00 300 440

TBAGIT 16 [ 1g7 | 3160 50 24D B4 TB6
TBSGrl 10 157 | 38.00 05 500

TBRLGr] 1.0 La7 36.00 215 530 Fig‘ (1): Detaﬂs uf tEStEd. hems
TBTGr 1o 178 | 3600 789 4,50
B Serics 2

TB1GR ] 2,30 | 36.00 9.0 o0 |

TA2G2 4 230 | 3700 300 458

TBIGR L4 230 | 3100 5.0 330
T TRAGHZ 14 330 | 34.00 275 4,00

TB5Gr2 L4 230 | 3100 300 360

TB&L L& 7.30 | 34.00 273 4.00

TBTn2 i 745 | 3600 IE9 T

Gerkes 3 '

TBIGE 1E 300 | 31.00 50 160 , - . -
Wi 18 300 | 3300 6.5 2.8 ' : a——

TH3GH & 300 | 3300 6.4 270 |r 1= |f 1
TRAGH 1K 300 | 3300 26.5 300

TBSG3 1% 300 | 3100 25.0 2.30

TREG (] 200 | 33.75 .z 300

THIG 18 | 315 [ ILW 25.0 130

Fig. (2): Detail of tested beams

Test program:

Twenty one simply supported

reinforce concrete deep beams were
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tested, subjected to mid span ome-point
indirect load. The loading arrangement of
the test specimens are shown in Figure

3.

Test Setup and instrument:

Torsee's Universal Testing Machine
with capacity Of 2000kN was used to
apply the load. The beam was loaded
from top at the centers of the spans. Load
was applied gradvally o equal
increments. At each load increment, the
fotal applied load on the beam mid-span
deflection, and crack width were
measured. The cracks were then plotted
and marked .A test was terminated when
ihe total load on the specimens started 10
drop off. The total time to failure in a test
was approximately two hours. Figure (1)

and Plate (1) shows the test setup.
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Fig. (4): Test Setup
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Plate (1): Test Arrangement

Plate (2): Crack Pattern

2010 fq.'ﬂﬂl anallf Apunaiglh ,-MiJ-ehﬂ.}d




20

Experimental Result:
1. Behavior of Beams under Loading
and Crack Patterns:

All tested beams failed in shear. No
local faiture due to crushing of concrete
under the load or over the supports was
observed. Enough end ancherage of the
main bars was provided; therefore no
anchorage failure was noticed during
testing. Crack patterns after failure are
shown in Plate {2). For beams with shear
span-to effective depth (a/d) ratio of 1.0
the first diagona! crack appears with thud
at mid-depth between the applied load
and suppert and few fine inclined cracks
occurred in the mid-depth between the
intersecting wmember and the support
without bridging with each other. At
failure load, one major inclined crack
was widened. For beams with (a/d) of
14 and 1R similar behavior was
observed except that the formation of
inclined cracks was preceded by the
development of few inclined crack near
the intersecting member at the bottom of
the beams. The failure oecurred suddenly
by extension of diagonal crack through
the compression flange.

2, Inclined Cracking and Ultimate
Loads:

Inclined cracking and ultimate mid-span
loads are listed im Table (2). Inclined
cracking load is defined as the load at
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Which the first major inclined crack
Appears in the shear span.

Beams TB2, TB4, and TBé of group(1)
showed 37%, 38%and 10% higher
ultimate loads than beams TB1, TB3 and
TB5 of group (1); beams TB2, TB4 and
TBé6 of group (2) showed 10%, 15% and
26% higher ultimate loads than beams
TRI1, TB3 and TBS of group (2); beams
TB2 and TB4 of group (3) showed 11%
and 10% higher ultimate loads than
beams TBI and TB3 of group {3), This
up rise in ultimate loads of higher flange
depth beams is attributed to the stronger
compression zone provided by increasing
depth of flanges. Reserve strength of the
beams, which is defined as the ratio of
the difference of ultimate load and
diagonal cracking load to diagenal
cracking load expressed as a percentage,
seems to decrease as (a/d} ratio increase
as shown in Table (2}, For beams with
{60mm) flange depth eand (360mm)}
flange widih, an increase of 67% is
obtained by reducing (a/d) ratio from (1.8
to 1), for beams with (90mm) flange
depth and (360nun) flange width an
increase of 80% is obtained by reducing
{(a/d) ratio from (1.8 to 1}. Also the other
beams show the same behavior. This
increase in ultimate load is attributed to
the higher contribution of arch action
shear transfer in beams with lower (a/d)

ratio.
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3. Effect of Fiange Depth

It can be seen from Table (2) that
maximum loads are increased as the
flange depth is increased (with the same
a/d ratio). This increase is attributed 1o
the stronger compressive zone provided
by increase in the flange depth. Beams
TB2Gri, TB4Grl, TB6Grl Exhibit 34%,
3% and 9% higher first cracking load and
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Based on the test results of the indirectly

loaded flanged deep reinforced concrete

beams that investigated in this present

study, the following main conclusions
can be drawn:

1. The crack patiern showed that

the webs of all the beams

struts

functioned as simple
18%, 15% and 20% higher uitimate load

compared  to
TB1Gr1, TB3Grl and TB3Grl. In group
2 and group 3 the variation of flange

between loads and supports.

corresponding  beams 3. The mid-span deflections of the
indirectly loaded flanged deep

beams are small and less than
depth has a significantly effect on the

the penmissible deflections
witimate Ioad but less for cracking loads. specified by the ACI Building
Table {(2) Experimental Inclined Code (318-05) which is (L/360)
Cracking and Ultimate Loads. and does not cause any problem
. : F
Span Laed (kN) pobic | p P at service load (P/1.5).
Ream = el | b.P Zi-le 100
: Tkievate bl e . .
Cmdu:g P R e 3. The increasing of flange depth
: Grope {1y a/d = | of the T-beams in the same
TRIGH | 1130 00 { 039 027 155%
TBZGE 15696 35300 | 04 037 125% (/d) ratic causes an increase
TB3di] 156.96 3590 | 0.50 029 1
| rBaGn 160.94 36000 | 045 D40 124% in ultimate shear load -
B3l 1615 35300 | 0.4 032 118% ' B
 TBeG 176.95 3278 | A7 D35 111% carrying capacities. The same
TB7Ge 196,06 1780 | Dbz 0.23 5% .
Grope (D wd= 14 tendency is observed for the
TGIGIL | 117.70 21582 | D38 1 021 | B3t th .
EGER T17.70 RT3 09 | G2 175% case  of e  respective
TE3IGE 156.60 23544 | 087 0.26 50% deflecti
TBAG2 156,95 20332 | 054 | 030 7% cllections.
T30 117.30 252.12 | 047 B.23 114% T .
TH6GR2 156,60 28450 | 035 | 029 o Both inclined cracking and
TRTGE2 13696 70468 | 457 0.26 5% :
- o G TI= 18 ultimate loads have a tendemcy to
TR 112.30 13000 | 0.6 0.19 | g% increase with decreasing the shear span
TB2GN 110,00 15600 | 0.56 0zl Ta%
ILEEIE 98.00 193,00 | 051 ) 020 9% [ 1o effective depth ratio below 1.8. An
TG 137.00 71300 | 064 022 55%
LEEL S, 107.90 198.00 | 034 0.2 B4% incremsing of about (44%) in inclined
TBeGT 12750 21580 | 059 022 6%
jTBIGE | 1M 23000 | 058 0.26 8% cracking load and (28%) in ultimate load
Ave 053
St e of] beam TB7Gr! and TB7Gr3 are
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obtained by reducing the {(a/d) from 1.8
tol.

Geneaeral Symbols:

Shear span.
b Web width

f Tensile swrength of
concrete,

h Owverall depth of baam,
1 Clear span.
P Cracking span load.
Py Ultimate span load.

24 Non dimensional
ultitnate load.

d Effective depth of beam.

f Cylindercompressive

strength of ¢oncrete.
. Cube compressive
strength of concrete,
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