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Abstract— The experiment tests are conducted on hot rolled steel built-up beams on channel section with 

simply supported beam with one plate is connected on the top of the channel section. In this work, two ways 

of strength improvement is done by using carbon fibre reinforced polymer, one is flange strengthening and 

another is cross sectional strengthening. Tests are conducted on flange strengthening and cross sectional 

strengthening. The experimental beams are of lateral bracing in steel structures and steel storage tanks. In 

this work seven different types of strengthening configuration were used with two approaches. The final 

results shows that flange strengthening approach does not give good strength compared to control 

specimen in retrofitting of open cannel section with longer span, modified cross sectional improvement 

gave higher flexural strength. Increase in number of carbon fibre reinforced polymer layer wrinkling can 

be prevented 
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I. INTRODUCTION 

 

The steel structures are constructed over a many years ago it is deteriorated due to the design loads. This structure can be 

replaced due to future demand. These structures are needed to be strengthened by using strengthening method to extend 

the service span of the structure. In many cases strength improvement method is expensive, number of labour and 

disturbance to the surrounding and usage people. In olden days strength improvement was done by connecting extra steel 

plates to the steel beams. In this strength improvement by adding of extra plates having many dis advantages due to 

increase in weight of added material, increasing dead weight of steel structures and overhead welding. The many of 

researcher have did research and exposed the concept of bonding of carbon fibre reinforced polymer concrete to the 

existing structures. The carbon fibre reinforced polymer having less weight.The present study is carried out to investigate 

the different types of strengthening approaches based on the research recommendations and have proposed strengthening 

approaches for the built up steel beams with channel section. The available investigations in the area of strengthening 

approach, the remotely fortified CFRP textures were utilized by numerous specialists to enhance the basic execution [1-

8]. One of the novel procedure was presented by Okeil et al. in 2009 and Ulger and Okeil in 2016 [9, 10] for hindering 

the nearby clasping and to build the firmness of the part utilizing FRP, in which it was demonstrated that the FRP can be 

utilized viably to fortify of steel individuals. CFRP reinforced I-bars (symmetrical area) were explored for different part 

slimness and the area of the CFRP plates to be specific spine fortifying and web fortifying by exploratory tests by 

Elchalakani and Fernando [11]. The outcome shows that the reinforced thin pillars bombed because of parallel torsional 

clasping (LTB) mode with a quality change of 7-15% for both the fortifying strategies. The huge change in extreme limit 

(32%) was seen on account of CFRP reinforcing to finish everything and base ribs. Nonetheless, the impact of CFRP 

fortifying on the web notwithstanding the spines was irrelevant. 

 

A. OBJECTIVES 

1. To study the efficiency of flexural strength of steel channel section manufactured by hot rolled process. 

2. To study the effect of reinforcing carbon fibre in hot rolled steel in unidirectional along the flange on flexural 

strength. 

3. To study the effect of reinforcing carbon fibre in hot rolled steel in bi-directional along the flange on flexural 

strength. 

The material testing system is highly sophisticated, precise equipment and costly. This is will be used to find the flexural 

strength of the material and these equipment can be various testing speed ranges it will be varies from 0.005 to 

500mm/min (0.0002 in/min to 20 in/min). The cross head return speed 600 mm/min (24 in/min). The horizontal test 

space can be 420 mm (16.5 in). The testing system can be first introduced the test specimen and the loading can be 

arrange either point load or two point loads and spacing of material then arrange it to the loading system .  

The loading can be touch at the top level of the material and set up the speed range, mostly I am using the speed will be 

0.05mm/min then the load deflection curve can be set up in computer in digital correlation system and LVDT system can 

be arranged the  readings can be recorded automatically. The load deflection curve can be shown in the computer when 

the ultimate load is reached the curve will be start down from the top deflection. 
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II. MATERIALS AND METHODOLOGY 

 

 
Fig. 1 Material Testing System 

 

The exploratory program contained 17 basically upheld channel pillar .The test example (developed segment) recreated 

the auxiliary individuals in the capacity structures and level and sidelong bracings in the extension superstructures which 

commonly supported at the best rib either with the steel plate or steel deck as appeared in Fig. 1. The developed plates 

are associated with the channel segment by stunned middle of the road welding of length 100 mm and a pitch separation 

of 200 mm focus to focus; the perspective of the amazed welding on the opposite sides of the example is shown as three-

dimensional view (typical view and mirror see) in Fig.. 

 
Fig.2. Developed test example manufacture : (a) 3D ordinary and mirror see welding suitabtle elements ; (b) Cross 

sectional perspective of the spine fortifying example; (c) Cross sectional perspective of the changed cross segment 

reinforcing example; (d) CFRP holding technique on rib reinforcing examples; (e) CFRP holding strategy box 

formed control wrap 

 

The test examples were subjected to four-point bowing with a separation of 800 mm between two load focuses. The 

situation of the test example under four-point bowing with redirection profile is appeared. Two distinctive CFRP 

fortifying techniques were utilized in this exploration; in particular, spine reinforcing and changed cross area fortifying. 

The test shafts fortified by remotely reinforced CFRP textures on its strain ribs are called spine fortified. The adjusted 

cross-segment examples are those with in-filled cardboard in the channel segment's open cross segment with a target of 

enhancing its torsional inflexibility  
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Fig. 3. Test specimen:(a) Strain gages on rib fortifying examples; (b) Strain gages on changed cross segment 

examples; (c) Load application strategy through CG; (d) LVDT plans; (e) Four point stacking course of action; (f) 

Experimental setup 

Table.1 Labeling of test specimens 

Identification 

 

External bonding strengthening 
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Description 

B Control specimen - 

S1U 

F
la

n
g

e 
st

re
n

g
th

en
in

g
 

sp
ec

im
en

s 

Single layer uni-directional CFRP 

bonding 

S1U1B 
Double layers of CFRP bonding – uni-

directional fabric + bi-directional fabric 

S2U1B 
Three layers of CFRP bonding – two uni-

directional fabric + bi-directional fabric 
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Uni-directional fabric bonding on flange 

and box shaped confinement wrap by bi-

directional fabric 

S2U C1B 

Two uni-directional fabric bonding on 

flange and box shaped confinement wrap 

by bi-directional fabric 

S3U C1B 

Three uni-directional fabric bonding on 

flange and box shaped confinement wrap 

by bi-directional fabric 

S3U C2B 

Three uni-directional fabric bonding on 

flange and two box shaped confinement 

wrap by bi-directional fabric 

 

III. RESULTS AND DISCUSSIONS 

 

A. EXPERIMENTAL RESULTS AND FAILURE MODES OF THE TESTED SPECIMENS 

The flexural stack versus the vertical diversion (VDF and VDB), sidelong avoidance (LD) and longitudinal strain 

esteems at mid-range. The spine fortified examples (S1U, S1U1B, and S2U1B) displayed comparative flexural 

conduct as far as the extent of a definitive quality when contrasted with control examples. All nearby enveloped 

examples with cardboard by fill demonstrated a huge increment in the flexural stack conveying limit because of cross 

area change. Specifically, the expansion in flexural stack conveying limit contrasted with control example might be 
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credited to the cross area change from open (C cross segment) to a shut one (rectangular cross segment) with a 

restriction wrap. All the CFRP fortified examples flopped because of break of the CFRP layer right now range 

(between the stacking focuses) with sudden misfortune in firmness. What's more, the camber flaw (beginning twist in 

significant pivot) likewise impacts the flexural stack conveying limit of the tried examples. 

 

B. CONTROL SPECIMENS B-1*, B-2, B-3  

The test example can be set in the middle of the actuator and the two backings. The stacking can be gazed at first at 

0.05mm/min at stack builds each time the example can be begun avoidance in along the side and longitudinally. The 

stacking can be increment when extreme load is achieved the bend begin to down and stack redirection bend can be 

shape the PC in naturally.  

The control examples displayed high solidness until 86% (28 kN) of its normal most extreme flexural limit (32.68 

kN) as can be seen from a lofty load versus vertical diversion (VDF and VDB) bend appeared. All the control 

examples contorted towards the front (ribs turning down) in the steady minute range (between the stacking focuses) 

and in reverse winding (ribs bending upward) near the backings.  

 

Table.2 Ultimate load, initial imperfection and failure mode of the test specimens 
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Control B 

32.95, 

32.28, 

32.81 

- 5,6,5 - 12.25 1.39 
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 S1U-1* 31.40 
-2.07 

4 Rupture 
12.00 1.42 

S1U-2 32.60 2 Delamination 

S1U1B-1* 32.42 
-2.55 

2 Delamination 
11.94 1.43 

S1U1B-2 31.26 5 Rupture 

S2U1B-1* 30.63 
-6.79 

3 Delamination 
11.42 1.50 

S2U1B-2 30.30 4 Delamination 
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S1U C1B-1* 36.52 

14.33 

4 
Wrinkle & 

rupture 
14.01 1.22 

S1U C1B-2 38.20 1 
Wrinkle & 

rupture 

S2U C1B-1* 38.84 

15.08 

3 
Wrinkle & 

rupture 
14.10 1.21 

S2U C1B-2 36.38 3 
Wrinkle & 

rupture 

S3U C1B-1* 41.99 

26.37 

2 
Wrinkle & 

rupture 
15.49 1.10 

S3U C1B-2 40.60 3 
Wrinkle & 

rupture 

S3U C2B-1* 42.67 
32.23 

3 Rupture 
16.20 1.05 

S3U C2B-2 43.75 2 Rupture 

 

The VDF and VDB readings demonstrated an equivalent size when the heap achieved 80 – 85% of a definitive taken 

after by turning the other way. The minute versus longitudinal strain plot for the control example B-1* is appeared in 

Figs. 9c and 9d. The strain gage SG-2 situated close to the unbiased hub stays near zero until the point when it achieves 

86% (28 kN) of greatest flexural stack past which the strain readings began demonstrating positive greatness  

This might be because of the impact of cross-segment turn taken after by unnecessary vertical avoidance. The strain 

measure (SG-1) situated in the pressure zone of the example (best of the welded plate) and strain gages in the strain 

zones (SG-3 to SG-7) demonstrated a straight variety in strain esteems with an expansion in flexural stack. Every one of 

the three control examples (B-1*, B-2 and B-3) indicated predictable extreme flexural heaps of 32.95 kN, 32.28 kN, and 

32.81 kN individually. This might be credited to the consistency in the underlying camber blemish (geometric deviation 

from a perfect cross area in the real pivot) per meter range of the control shaft examples (B-1*, B-2 and B-3) of 5 mm, 6 

mm and 5 mm separately.  
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C. BEHAVIOUR OF FLANGE STRENGTHENED BEAMS  

1) Configuration S1U-1  

An aggregate of six spine fortified examples were tried in this examination with 3 distinctive CFRP fortifying setups with 

two examples in every design. Every one of the examples experienced steady extreme flexural stacks as appeared in 

Table 2. The test example can be set in the middle of the actuator and the two backings. The stacking can be gazed at first 

at 0.05mm/min at stack builds each time the example can be begun avoidance in along the side and longitudinally. The 

stacking can be increment when extreme load is achieved the bend begin to down and stack diversion bend can be frame 

the PC in consequently.  

Moreover, it tends to be seen from the heap versus diversion bend that example S1U-1* has lesser solidness and 

displayed more turn (roughly half) contrasted with example S1U-2. This again might be credited to higher camber defect 

in example S1U-1 contrasted with example S1U-2 since an example with higher blemish ordinarily results in lost 

solidness accordingly moving a definitive disappointment load to happen at higher estimations of avoidance.  

The minute versus longitudinal strain plot for the S1U-1*. The nonpartisan hub strain gage perusing (M vs.SG-2) stayed 

on the zero line until the point when the example began to display vast turning at 75% (23.55 kN) of the heap. This 

deviation can likewise be seen from the bowing strain profile of S1U-1* appeared in Fig. 13d. The vast variety of strain 

extents somewhere in the range of 75% and 100% of extreme load in bowing strain profile might be because of the 

critical loss of flexural firmness affected by higher beginning blemish bringing about diversion of the example by around 

87 mm at extreme load. 

 

2) Configuration S1U1B 

The example set reinforced with two layers (Uni-layer texture + Bi-layer texture) of remotely fortified CFRP texture on 

its pressure rib (S1U1B) has a normal extreme heap of 31.84 kN.. The test example can be put in the middle of the 

actuator and the two backings. The stacking can be gazed at first at 0.05mm/min at stack builds each time the example 

can be begun avoidance in horizontally and longitudinally. The stacking can be increment when extreme load is achieved 

the bend begin to down and stack diversion bend can be shape the PC in naturally.  

While the example S1U1B 1* flopped because of the debonding of the CFRP texture, example S1U1B-2 bombed 

because of CFRP crack as appeared. The debonding of CFRP at the base rib can be approved in light of the strain gage 

readings (M versus SG-5, SG-6, and SG-7) which expanded at a high rate close to a definitive load. This wonder might 

be ascribed to higher defect displayed by S1U1B-2 (5mm/2.5m camber flaw at the mid span) contrasted with S1U1B-1 

(2mm/2.5m camber blemish at the mid span) as appeared in Table 3. As clarified already on account of examples S1U-1* 

and S1U-2, the example S1U1B-2 with higher defect adjusts to the geometry of the bended steel surface prompting high 

opposition against delamination bringing about disappointment because of break  contrasted with example S1U1B-1 with 

bring down defect which flopped because of delamination. The flexural solidness of the example expanded to 1.55 

kN/mm contrasted with the control example with a firmness of 1.2kN/mm. Since the underlying camber bowed was 

2mm/2.5m and 5mm/2.5m in S1U1B-1 and S1U1B-2 examples, their misfortune in solidness was seen at 26.5kN and 

23.5 kN separately. This shows the impact of beginning flaw was critical in flexural execution. 

 

3)Configuration S2U1B 

The rib fortified example set with three CFRP texture layers (two uni-directional layers + one bi-directional layer) has 

brought about high solidness (1.8 kN/mm) with a size of turn and extreme load similar to the control example, S1U and 

S1U1B set as appeared. The test example can be put in the middle of the actuator and the two backings. The stacking can 

be gazed at first at 0.05mm/min at stack expands each time the example can be begun avoidance in along the side and 

longitudinally. The stacking can be increment when extreme load is achieved the bend begin to down and stack 

avoidance bend can be shape the PC in naturally.  

Both the examples in set S2U1B bombed by delamination of CFRP, the retrogressive wind at the help and frontward turn 

at the steady minute range as appeared. This shows the third layer of remotely reinforced CFRP texture in the strain zone 

does not enhance a definitive heap of the example requiring the requirement for extra fortifying methods for long steel 

bars. Moreover, the sidelong solidness or cross area bend reaction of this example set did not enhance contrasted with the 

control . 

 

D. BEHAVIOUR OF STRENGTHENED BEAMS WITH MODIFIED CROSS SECTIONS 

4) Configuration S1U C1B 

The flexural reaction bend of this example demonstrates a high solidness (soak incline) until 30kN and huge pliability 

(end revolution) of around 0.1125 radians as appeared. It can likewise be noticed that wrinkles in CFRP texture were 

watched at 36 KN which caused a drop in the heap uprooting bend as appeared .The wrinkles in wrapped textures might 

be credited to the inadequate restriction offered by a solitary layer of the crate formed bi-directional CFRP wrap. 

The occasion strain relationship of S1U C1B is By and large, the strain perusing demonstrated a straight variety until 

78% (11 kNm) of a definitive minute as can be seen from SG-2 and SG-8 showing zero strain close impartial pivot. After 

the heap surpassed the straight administration, strain gages SG-4 and SG-6 indicated substantial strain readings while the 

other strain readings were well inside the twisting strain dissemination plot as appeared. The substantial deviation in 

strain readings in SG-4 and SG-6 might be ascribed to wrinkling of CFRP that started at around 36 kN. These example 

sets displayed a wrinkling of wrapped CFRP textures on the cardboard side, trailed by its break disappointment in the 
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strain rib as appeared. The expansion in extreme flexural load and firmness show that the cross segment change utilizing 

box-formed imprisonment wrap could enhance the execution of the long scale basic part. 

 

5)Configuration S2U C1B 

The example design S2U C1B with two unidirectional CFRP textures attached to the base spine alongside a case molded 

single control wrap utilizing bidirectional CFRP texture around the changed cross area enhanced neither the flexural 

stack nor the solidness of the shaft fundamentally contrasted with S1U C1B example. Like example set S1U C1B, S2U 

C1B displayed wrinkling of CFRP textures after the underlying misfortune in solidness. The test example can be set in 

the middle of the actuator and the two backings. The stacking can be gazed at first at 0.05mm/min at stack expands each 

time the example can be begun avoidance in along the side and longitudinally. The stacking can be increment when 

extreme load is achieved the bend begin to down and stack avoidance bend can be frame the PC in naturally. This could 

be because of the way that a solitary bidirectional wrap may not be adequate to anticipate wrinkling of the example 

bringing about a comparative method of disappointment showing a similar quality and firmness. An extra bidirectional 

wrap may maybe be important to watch an adjustment in disappointment mode and for an expansion its heap qualities. 

The flexural reaction bends and disappointment methods of S2U C1B 

 

6)Configuration S3U C1B 

The ultimate load of the steel beam specimen (S3U C1B) increased by 9.81% (41.30 kN) after adding one more 

additional (third) unidirectional layer on the tension flange of the specimen (total of three unidirectional layers) compared 

to specimen set S2U C1B (37.36 kN) and 26.37% improvement with respect to the control specimen (32.68 kN). The test 

specimen can be placed in between the actuator and the two supports. The loading can be stared initially at 0.05mm/min 

at load increases every time the specimen can be started deflection in laterally and longitudinally. The loading can be 

increase when ultimate load is reached the curve get started to down and load deflection curve can be form the computer 

in automatically. 

 

7)Configuration S3U C2B 

Be that as it may, the impact of beginning camber flaw may have caused 1.08 kN distinction between S3U C2B-1 

(3mm/2.5m and 42.67 kN) and S3U C2B-2 (2mm/2.5m and 43.75 kN). The disappointment happened because of the 

burst of CFRP.  

When all is said in done, it is discovered that the spine reinforced bars S1U, S1U1B and S2U1B enhanced neither the 

flexural stack limit nor its related disappointment mode. Besides, the disappointment happened because of delamination 

of CFRP texture as the heap achieved a definitive heap of the control Example. This demonstrates the spine fortifying 

methodology may not be the privilege retrofitting system for reinforcing of long scale developed bars. On account of 

changed cross-segment shafts, the disappointment was started by wrinkling in a solitary layer repression wrap, which was 

counteracted after the quantity of layers of imprisonment wrap was expanded to two bidirectional layers. The test 

outcomes show that the adjusted cross area of in filled cardboard with box formed control wrap enhanced the flexural 

load and firmness of the long scale steel pillar with the developed plate by 32.23% (32.68 kN to 43.21 kN) and 75% (1.2 

kN/mm to 2.1 kN/mm) separately. 

 

E. MOMENT-ROTATION RELATIONSHIPS 

The occasion pivot bend for all the tried bars is appeared in . The pivots speak to the edge (slant) estimated at one side of 

the pillar when it redirects as appeared in Fig.8. The test outcomes were contrasted and the yield minute limit (MsYield – 

9.73 kNm) and plastic minute limit (MsPlastic-13.67 kNm) of the control steel pillar (B-uncovered steel). The turn and 

minute limit of the steel bar expanded with an expansion in the quantity of unidirectional layers taken after by a 

bidirectional repression wrap. The outcomes show that the changed cross segment fortifying setup enhanced the minute 

limit (16.2 kNm) and revolution (0.113 radians) by 36.74% and 64.36% higher than the control steel bar (12.25 kNm and 

0.06875 radians) separately. The outcomes additionally demonstrate that all the altered cross area reinforcing approaches 

embraced in the present examination has achieved the hypothetically computed plastic minute limit of 13.67 kNm. This 

is because of the adjustment in cross sectional properties because of cross area change from open segment to a shut one. 

 

 
Fig.4. Moment vs end rotation relationship 
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IV. CONCLUSIONS 

 

The test results for long shafts remotely fortified with CFRP on spines and after cross-area alteration by a cardboard 

centre has been introduced. The fortifying methodology created in the present examination was to build the quality of the 

current part (debilitated), instead of supplanting it. The accompanying ends can be drawn from the present examination.  

1. It was approved that the approach of spine reinforcing may not be compelling in enhancing a definitive quality of long 

open cross area pillar and its related displacement modes.  

2. The rib reinforcing of open cross-area long pillars can be influenced compelling if the cross segment of the open 

channel to segment is changed into a shut one.  

3. The adjusted cross-segment example with one layer of remotely fortified unidirectional CFRP texture on the base rib 

and one box-moulded imprisonment wrap utilizing bidirectional CFRP texture has brought about an expanded quality 

of the long shaft by 14.3% contrasted with the control bar, which additionally enhanced to 26.4% after the quantity of 

unidirectional texture layers on the base spines expanded to three.  

4. The changed cross-segment reinforced examples enhanced a definitive the long example by a most extreme of 32.2%.  

5. The expansion in the quantity of layers or thickness of the bidirectional control wrap might be a solution for counteract 

wrinkling of CFRP textures.  

6. The proposed outer CFRP holding approach adjusted cross segment fortifying has expanded the firmness and 

revolution of the long range bar by 75% and 64% individually, while the rib reinforcing approach does not enhance the 

solidness and pivot altogether. 
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