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Abstract: Thirteen simply supported steel beams were tested to explain the effect of strengthening by
external prestressing strands. All of these beams have the same steel section, clear span length and
strengthening by two external prestressing strands. The tested beams are divided into two categories
according to existing of external prestressing strands, the first category consists of one steel beam as a
reference, while, the second group deals with steel beams strengthening by external prestressing strands
are divided into two groups according to jacking stress. Each group consists of six steel beams divided
according to the eccentricity location of prestressing strand ranging from (0 to 165) mm at jacking
stress1120.061 MPa and 814.589 MPa respectively. During the teste, it was found that the load deflection
curves behavior for the beams strengthening by external prestressing strand are stiffer than the reference
beams and the percentage of stiffening is slightly increase with increasing the jacking stress at constant
eccentricity. Also, the maximum applied load with increase slightly rising as eccentricity increased at mid
span. On the other hand the increasing percentage in maximum deflection decreases when the jacking
stress increase from (814.589 to 1120.061) MPa at constant eccentricity locations.

Keyword: Deflection behavior, strengthening of steel beams, prestressing strand, eccentricity location
and jacking stress.

alga) 9 cad) Ag&éyﬁalhgé%wﬂ\ﬂw%gﬂhﬂjh

Al 52 3! A 23V i il (e 3 sat e AN and 5 aoant o aall gl sl al 3 Al ) o3a b AuadAl
Jshs ahiall dalue Gudi Led 20V il Cliall muan liiad) 338 oyl o dgad) Gaall slgaV) 4058 aladivandy 4y 1) 30
Udie geae A il Gand ale (12.7) shadiy ol 2o gall Gl paall & b (udly Cualia gie 318l y Alall cliadll
gl Brae yaa e gila e aaly o3V s zasal o (V) Ae seadl (5 5iaS Cua gl Ganall daad) 0 a5 o Gl
Cus Gl ALGA‘;L‘:?S‘—‘“AU:‘:“;)NL_A‘@W“‘LM‘ Crand Lain 5 AY) ESM\@&JM(JM) @)ASJ.}EQ\_S
e e e se il A o e geae IS ety sl e (Pale/is 1120.061 s %ale/cii 814.589) (o Legliadi 15 5
31 sial) 43V sl clgall Hlaas¥) ) Jeall iaie Cojeal il &) an g paandll YA (e 33V i) Aiall 3 2gad) Baall 3aal
Dhad¥) s 5 (Laaall) gall Buaall daally Bl e padl A jall 40 sall dinll e ) landl JSI (585 agal) Guaall sy
OB A Al e dgall ol daall &8 g0 es in Jaliaall Gl Slgal dagd 33l 3o ala 35 Al dondy Ao 3 adae W) Jaall
1120.061 s %ale/ccsi 814.589) (e camasll gl G o B3y )y ie: Ji5 A gadall B3V 5all clginll (il i) 8 Baly ) A

Agad) el aaal) 48 g0 udi a3 (Zale/s

*Corresponding Author : kamalshahada@uomustansiriyah.edu.iqg

34


mailto:kamalshahada@uomustansiriyah.edu.iq

Journal of Engineering and Sustainable Develop t Vol. 24, No. 01, January 2020 www.jeasd.org (ISSN 2520-0917)

1. Introduction.

Steel is the most important construction material at the present time due to a high
strength to weight ratio, uniform and homogeneous properties, high ductility, can be
easily recycled, high elastic modules, high amount of energy absorption in seismic
action, easier, quicker to fabricate and erect. Dimension of beams and column in steel
frame can be reduced because of the low ultimate load to self-weight ratio. As a result
self-weight ratio between reinforced concrete and steel building can be reduced down to
1/10[1].

Producing permanent stress in the structural member to improve resistance against
service loads is called as prestress or prestressing. Prestressing is a purposeful
phenomenon aims to generate internal stress in structural member to counter balance
stressed caused by external loads so as to enhance performance and durability of the
structural members [2, 3].

2. External Prestressing.

External prestressing refers to a posttensioning method in which tendons are placed
on the outside of a structural member and prestressing forces are transferred to the
structural member through anchorages and deviators. It is a wonderful method in
strengthening and rehabilitation of old structural members, generally it is used for
developing buildings and bridges for fatigue state and over loading design expected[4].
The concept of external prestressing of steel beams is achieved by means of high
strength strand anchored at the two ends of steel beams. The strand profile can be fixed
on the internal span length by a specific number of saddles which it prevent slipping
occurs in the strand and help to give the design profile shape of the external prestressing
strand (draped, or parabolic) depending on the applied load and bending moment
diagrams introduced [5] as shown in Fig. (1), then the strand was tensioned
simultaneously from one ends using the same jacking force used in tensioning the
prestressing strand. Special care must be taken to balance the prestressing force in the
strands to avoid biaxial bending and distortion of the specimens [8]
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Figure (1) Strenthening by external high strength steel strands.
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3. Research Significance.

Steel structures have been used in the construction industry for centuries. Many
modification and developments have been made to improve the performance of steel
properties by adding a new material to the row material of steel manufactures.
Engineers have found new mothed to improve of the original steel section strengths by
external prestressing strand. The main objective of the work described in this study is to
investigate and to get more information and more understanding about the deflection
behavior of I-steel beams strengthening by external prestressing strands and compared
with the reference steel beam.

4. Tested Program.
4.1 Description of Specimens.

The variable parameters included in this study are focused mainly on the existence of
prestressing strands and layout of prestressing level (i.e. the eccentricity of the
prestressing strand (e)). Six simply supported steel beams strengthening by external
prestressing under one point load and one reference beam without prestressing strands
were tested. All specimens have same I-section, two external prestressing strands of
(12.7mm) diameter, the ends steel plate (25x125x250) mm and clear span length (2850)
mm.

4.2 Specimens Identification and Retrofitting Schemes.

To identify the tested specimens with different retrofitting schemes, which it
depending on different parameters such as amount of prestressing jacking stress and the
layout of prestressing strands, the following system is used:

O: refers to the reference steel beam without any prestressing strand.

OX1X2X3X4: refers to the strengthened steel beam by prestressing strand.

Where

X1: refers to initial jacking stress (fPj). Defined by M or L.

M= initial prestressing jacking stress of 1120 MPa.

L= initial prestressing jacking stress of 815 MPa.

X2= eccentricity of prestressing strand at mid span

X3= eccentricity of prestressing strand at end span

X4= eccentricity of prestressing strand at critical effective depth for shear span

All definition of samples can be listed in flow-chart shown in Fig.( 2) and table (1)
illustrates the used specimen identification system used based on specimen
identification pattern described, while, the details of test specimens are shown in Fig.

(3).
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Table (1) Description details of tested specimens

[%2] ..
2 o ” _L . Eccentricity (e),
s 5 Eg4 < 8 Prestressing Beams Jacking (mm)
=) 3 So = Stress(fpj)
@ e aZz 2 € Strand Profile Shape ' . e s
8 0] m u>)‘ MPa e; e, es
1 1 Ref o} %
Straight with i' 0 0 0
1 OMO000 e,6,5 (000) 1120.061
) OM101 Draped with EZ 1120.061 96 0 19.514
e1e,63(101)
Draped with
3 OoM112 es6,05 (112) % 1120.061 96 20 35.45
4 OM123 Straight with g 1120 061 96 96 96
e.e-e3 (123)
2 Straight with E
5 OM234 016,85 (234) 1120.061 165 165 165
Sinewave i
6 OM105 profile with 1120.061 96 0 -39
2 €,€5€3 (105) m
Straight with é 0 0 0
7 OL000 e,e,64 (000) 814.589
8 oL101 Draped with 5 814.589 96 0 19.514
€,65e3 (101)
9 OL112 Draped with % 814.589 96 20 35.45
e,6,63 (112)
Straight with : 96 96 96
10 OL123 e,e.65 (123) 814.589
3 Straight with ’_J_|
11 OL234 e,e,65 (234) . ) 814.589 165 165 165
Sinewave i
12 OL105 profile with m 814.589 96 0 -39

e;6,e3 (105)

Where: - e;* = Eccentricity at mid span, e,** = Eccentricity at end span, e;*** = Eccentricity at effective depth for
shear zone.

Steel Beam Tested Samples
(13 specimens)

Steel Beams Strengthening with Prestressing Strands

Ref. (1 specimen) (12 specimens)

Divided according to Jacking stress (fpj)

At (fpj) =1120.06 MP, (6 specimens)
Divided according to eccentricity

At (fpj) =1120.06 MP, (6 specimens)
Divided according to eccentricity

[ OMO000 | OLMOL [ OM112 | OM123 | OM234 | OM105 |[ OL000 | OL101 | OL112 | OL123 | OL234 | OL105 |

Figure (2) Flow chart of the experimental details of tested beams
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Figure (3) Details of tested beams

4.3 Material properties of the test specimens and fabrication.
4.3.1 Structural steel type.

JIS G 3101 is a Japanese material standard for hot Rolled steel plates, sheets, strips
for general structural usage, according to this specification, the thickness for this SS400
material starts from 6 mm to 120 mm, the chemical composition of SS400 steels is
listed in table (2), while the mechanical properties of SS400 Steels is listed in table (3)
[7,8].
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Table (2) Chemical Composition for SS400 Specification [7, 8]

Chemical composition,% by weight

Grad Carbon Silicon Manganese Phosphorus Sulfur
Max. Max. Max. Max. Max.
SS400 * * * 0.05 0.05

* = Content is not controlled

Table (3) Mechanical Properties for SS400 Specification [7, 8]

Min .Yielding Strength Elongation according to
according to Thickness Tensile Thickness, Min Impact
(MPa) strength, (mm) resistance,
Grade  not over 16 over 16 not over 5to 16 over 16
mm mm (MPa) 5mm mm mm @)
SS400 245 235 400-510 21 17 19 *

* = Content is not controlled

4.3.2 Structural Steel Section, Fabrication and Plate Tests.

I-shape is a structural element which has a cross section forms the letter H and is the

most widely used structural member. It is designed so that its flanges provide strength in
a horizontal plane, while the web gives strength in a vertical plane © ! Hot rolled I-
steel section 248 x 124 with 25.7 kg/m mass per meter was used in this study.
All welds are 5 mm fillet made with E7018 electrodes. The end plates have two holes to
allow to the prestressing strand to pass through them. End plate fabricated normally to
the strand profile area as possible as to reduce the stress concentration around the hole
in the end plate and its can be problematic if the structural member is already under
strength also local stiffeners may be required at end plate to prevent local buckling
occur in the end plate [11].

Table (4) Dimension and properties of steel section [11]

Size 'Thickness Radius of Cross Mass Moment of Ra(:;:iso?]f Elastic section
mm mm curvature sectional area ) inertia gymm modulus
mm mm?x10? pe mm*x10* mm?3x 10°
meter
HxB t1 t2 r Ag Kg/m Ix.x Iy.y rx Ty Sx Sy
X2f284 5 8 12 32.68 25.7 3540 255 104 27.9 285 41.1

The direct tension test was performed in the National Center for Constriction
Laboratories and Research (NCCLR), the used machine for tests is (Zwick/Roell)
universal hydraulic machine of (1200kN) capacity which used in testing direct tension
steel symbols. The results of three specimens testing are listed in table (5) and the stress
strain curve of the three specimens testing is shown in Fig. (4).
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Table (5) Material properties of steel test symbols based on direct tension test

Standards Symbols Min .Yielding Min. Ultimate Tensile  Total Elongation,
Specifications No. Strength(F,), MPa strength (f,), MPa %
PL 10 356 524 25.2
. PL 20 369 507 17.5
NCCLR according to
ASTM PL 30 360 507 15.9
A36/ A36-2005M Average
9 362 513 19.6
value
American ASTM *
A36/ A36-20141) 2250 2400 220
Japan of JIS G 310117 >245 >400 >17
Teste of results Conforming Conforming Conforming

* For wide flange shapes with flange thickness over (75 mm),the (550 MPa) maximum tensile strength does not
applied and the minimum elongation of 19 % is applied [12,13]

So, one can be observed that all results value obtained from NCCLR were conforming to the technical standards
specifications.
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400 +----p---

300 )/
! |

200 g

—————r--

Stress (6)

100 #----------

© -

-
e ————
e

10 20
Strain (¢ ) x 10 3

Figure (4) stress strain curve of steel plate specimens

4.3.3 Prestressing Steel Strands.

4.3.3.1 Prestressing Steel Strands test.

Prestressing strand grade 270 low relaxation Seven-wire strands of (12.7mm)
nominal diameter which manufactured by national meatal manufacturing and casting
company (MAADANIYAH, Kingdom of Saudi Arabia) which used in this study. They
strand was tested in the National Center for Constriction Laboratories and Research
(NCCLR) and confirming to ASTM A416/ A416M-12a [14]The properties of the
strand is shown in Fig. (5).
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Figure (5) stress -strain curve of grade 270 low relaxation seven wire strands
at (12.7 mm) diameter

4.3.3.2 Jacking stress applied.

Two low relaxation seven wire strands at (12.7 mm) diameter were selected and
arranged at different location of eccentricity ranging from (0 to 165) through the
longitudinal axis of the tested beams. The two strands were tension simultaneously from
one end with gradually increasing in jacking stress until reaching to denoted jacking
stress to balance the prestressing stresses and avoid the biaxial bending stress which
introduce in the steel section during applied jacking stress(fp).

Prestressing levels were applied at (275 and 200 bar), then it's converted to (814.589

MPa and 1120.061 MPa) respectively.
The hydraulic machine which it used in this study, consists of motor-driven hydraulic
pump, hydraulic pipes attached to the four hydraulic jacks and to the single strand jack
and measuring gauge to notice the applied pressure with (bar unit) which graduated
from 0 to 600 bar, as shown in Fig. (6).
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Plate (6) Hydraulic machine and single strand jack prestressing strand. (a) Hydraulic machine

and measuring gauge at (200 bar), (b) Hydraulic machine and measuring gauge at (275 bar), (c)
the single strand jack and Hydraulic machine with hydraulic pipes attached to the four
hydraulic jacks, (d) single jacking prestressing strand.

4.4 Deflection Measurements.

Deflection measurements are taken at two points by using two dial gauges of
(0.01lmm) accuracy with (30 mm) capacity. For each tested beam, one dial gauge is
placed under concentrated point load at mid span, while, the other one is placed at
quarter span. The locations of the dial gauges are shown in Fig. (7).

i P
0.7125m @ -?

1.425m

—n |
Ll

2.85m

ﬂk A {

A

Figure (7) Locations of dial gauges for tested beams

4.5 Load Measurements and Testing Procedure.

Steel beams test were conducted in the Structural Laboratory of the Civil
Engineering Department, at the College of Engineering, University of Al-
Mustansiriyah. The used machine for tests is (MFL) universal hydraulic machine of
(3000kN) capacity. Simply supported steel beams are tested under one concentrated
point load at mid span, steel beam are placed with clear span of (2850mm). Steel
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bearing plate (12x100) mm is used to convert the applied load to line load over the steel
beam surface,

At time of test, steel beam is placed over supports; deflection dial gauges of (0.01
mm) accuracy with (30 mm) capacity are fixed in the designated locations at mid and
quarter span. All dial gauges were rested to zero. Load of (5kN) is applied and removed
in order to recheck the zero readings. All the tests are carried out under load step of
(2kN) and measurements are taken at each (10kN) increment, dial gauges are taken at
each increment. Measurements are recorded until the failure of steel beams at which the
applied load is drop with increasing deformation, the test machine and instrumentation
details show in Fig.(8)

=

Figure (8) Test machine and loading arrangements

5. Experimental Parametric Studies.

The experimental study has been carried out to investigate the effect of jacking stress
on the deflection behaviors of steel beams strengthening by external prestressing strand
under one point load. The experimental deflection information's for tested beams were
monitored through two dial gauges fixed at quarter and mid span length during applied
load until failure occurs. Full experimental results of tested beams are illustrated in table

(6).

Table (6) Experimental load deflection results of tested beams

Max. Exp. I(\j/lax. E_xp. Max. Exp.
. . eflection .
Categories Groups Beams  Series applied at quarter defl_ectlon
No*. Symbols load span at mid span
(Pu),(kN) (mm)) (mm)
1 1 Ref. O 287.50 13.200 28.890
1 OMO000 289.00 9.700 19.500
2 OoM101 372.50 13.450 26.000
5 3 OM112 397.50 8.350 18.400
4 OM123 357.50 11.400 21.120
5 OM234 537.50 16.600 31.750
5 6 OM105 465.00 13.650 27.500
7 0OL000 288.00 11.700 20.500
8 OL101 362.50 15.000 26.650
3 9 OL112 382.50 12.100 23.180
10 0OL123 327.00 14.850 26.300
11 0OL234 487.50 12.400 22.020
12 OL105 427.00 14.750 32.350
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5.1 Load Deflection Response.

In order to inspect the effect of the jacking stress on the load deflection behavior of
tested beams, the beams are divided in two groups according to jacking stress
(fpj=1120.061MPa and 814.589 MPa). Each group is subdivided to six symbols
according to the location of eccentricity which change from (0 to 165) mm. It was can
be observed that the load deflection curves behavior for the beams strengthening by
external prestressing strand are stiffer than the reference beams and the percentage of
stiffening is slightly increase with increasing the jacking stress (fpj) at constant
eccentricity (e). Since the increasing in jacking stress from (814.589 to 1120.061 MPa)
will be not preferable to be use because it has a little increasing percentage in stiffening
and behaviors as compare with other tested beams at same condition but at different
jacking stress, as shown in Fig.(9) .
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Figure (9) Effect of jacking stress (fp;) on load deflection curves of tested beam at
different eccentricity as compare with reference
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Figure (9) continue
5.2 Maximum Applied Load of the Tested Beams.

To study the influence of jacking stress (fpj) on the maximum applied load of the
steel beams, the beams are tested at different jacking stress(fpj) with constant location
of eccentricity ranging from (0 to 165) mm. During the tests it was found that the
increasing percentage in maximum load capacity increase to 0.347 %, 2.758%, 3.921%,
8.898 %, 9.326% and 10.256% when the jacking stress increasing from (814.589 to
1120.061) MPa at constant eccentricity locations change from (0 to 165) mm
respectively, as listed in table (6). So, one can be observed that the percentage
increasing in maximum load applied increase nearly with increase the jacking stress for
same eccentricity locations ranging from (0 to 165) and the increasing were slightly
rising as eccentricity increased at mid span. Since the increasing in jacking stress from
(814.589 to 1120.061 MPa) will be not preferable to be use because it has a little
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percentage increasing in maximum load applied as compare with other tested beams at
same condition but at jacking stress (fp; =814.589 MPa), on the other hand, it was more
expensive, reduction in time, cost and more safety to use as compared with jacking
stress (fpj =814.589 MPa). The maximum load applied and percentage increasing of a
maximum load applied at different location of eccentricity and jacking are shown in
Fig.(10) and Fig. (11).

Table (6) Increasing percentage in maximum applied load of tested beams

Beams Jacking Maximum applied Percentage Increases in
No Series Symbols Stress( fp;) , load (kleli; maximum applied load,
' (MPa) | (%)
1 OL000 814.589 288.000 0
2 OMO000 1120.061 289.000 0.347
3 OoL101 814.589 362.500 0
4 om101 1120.061 372.500 2.758
5 OL112 814.589 382.500 0
6 OoM112 1120.061 397.500 3.921
7 OoL123 814.589 327.000 0
8 OoM123 1120.061 357.500 9.327
9 OL234 814.589 487.500 0
10 OM234 1120.061 537.500 10.256
11 OL105 814.589 427000 0
12 OM105 1120.061 465.000 8.899

Eccentricity

(e1e2e3)

W ele2e3=000
Hele2e3=101
Hele2e3=112
mele2e3=123
Mele2e3=234
W ele2e3=105

Percentage increase in maximum applies
load, (%)

1120.061 814.589
Jacking stress (MPa)

Figure (11) Percentage increasing in maximum applied load of tested beams at different
values of eccentricity and jacking stress as compare with fpj=814.589 MPa
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1120.061 814.589
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Figure (10) Maximum load applied of tested beams at different values of eccentricity and
jacking stress

5.3 Deflection Values of the Tested Beams

During the tests, it was found that the increasing percentage in maximum deflection

decrease 10-4.878 %, -2.439%, -20.621%, -14.992 % , -19.695% and 44.187% when
the jacking stress increase from (814.589 to 1120.061) MPa at constant eccentricity
locations increased from (0 to 165) mm respectively.
So one can be observed that the increasing percentage in maximum deflection decrease
with increase the jacking stress for same eccentricity locations ranging from (0 to 165)
except beam with eccentricity (234) because bottom flanges in these beams lie at
constant eccentricity for all bottom flange due to improve the bottom flange area and the
bottom flange strain and the percentage increasing increased with increased the jacking
stress.

The maximum deflection and increasing percentage in maximum deflection for tested
beams are listed in table (7), while, the figures of theirs relations are shown in Fig. (12)
to Fig.(14) respectively.

Table (7) Maximum experimental deflection results of tested beams

Maximum Exp.

S . Quarter span Percentage
z Series deflection (8)(mm) at deflection to mid increase in mid
g Svmbols span deflection ratio span deflection
S y Quarter . ( 8 quarter/ Smid) of tested beams,%
0 Mid span

span
1 OL000 11.700 20.500 0.57 0
2 OMO000 9.700 19.500 0.497 -4.878
3 OL101 15.000 26.650 0.562 0
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4 OoM101 13.450 26.000 0.517 -2.439
5 OL112 12.100 23.180 0.522 0
6 OoM112 8.350 18.400 0.453 -20.621
7 OL123 14.850 26.300 0.564 0
8 OoM123 11.400 21.120 0.539 -19.695
9 OL234 12.400 22.020 0.563 0

10 OM234 16.600 31.750 0.522 44,187
11 OL105 14.750 32.350 0.455 0
12 OM105 13.650 27.500 0.496 -14.992
t
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Figure (12) Maximum deflection of tested beams at different location of eccentricity location

and jacking stress
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Figure (13) Percentage increase in maximum deflection of tested beams at different location of

eccentricity location as compared with fpj =814.589 MPa
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Figure (14) Quarter span deflection to mid span deflection ratio (8 qyarter/ 6mid) for tested beams

at different location of eccentricity location and jacking stress

6. Conclusions.

Based on the tested beams results of this experimental investigation on the deflection

behavior of steel beams strengthening by prestressing strands, the following conclusions
are drawn.

1.

The load deflection curves behavior for the beams strengthening by external
prestressing strand are stiffer than the reference beams and the percentage of
stiffening is slightly increase with increasing the jacking stress (fpj) at constant
eccentricity (e).

The increasing percentage in maximum load capacity increase to 0.347 %, 2.758%,
3.921%, 8.898 %, 9.326% and 10.256% when the jacking stress increasing from
(814.589 to 1120.061) MPa at constant eccentricity locations change from (0 to
165) mm respectively. So the percentage increasing in maximum load applied
increase nearly with increase the jacking stress for same eccentricity locations
ranging from (0 to 165) and the increasing were slightly rising as eccentricity
increased at mid span.

The increasing percentage in maximum deflection decrease to -4.878 %, -2.439%,
-20.621%, -14.992 % , -19.695% and 44.187% when the jacking stress increase
from (814.589 to 1120.061) MPa at constant eccentricity locations increased from
(0 to 165) mm respectively

The quarter span deflection to mid span deflection ratio (3quarter/Omia) With bout
(0.528) at jacking stress (fp;=1120.061 MPa), while the quarter span deflection to
mid span deflection ratio (3quarter/Omia) With average value bout (0.497)
(fpi=814.589 MPa).
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