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EXPERIMENT NO:1/d6£16 4°614l: 1

AIM OF THE EXPEREIMENT
To determine the unit mass (kg/m) and the effective cross-sectional area of given HYSD bar
sample as per IS: 1786-2008.

6N ACKEIY
J@ 6T MY 62l QAIKINGSI HYSD €19 ISR Q@S Fll9 (kg/m) 99° 6QQCPR

(Effective Cross-Sectional Area) q 1IS: 1786-2008 21946 féa aaall
APPARATUS REQUIRED
(1)Scale or Tape
(2)Weighing Machine
IR QAR

1. 63R &9 699

2. (@9 QI g (Weighing Machine)
THEORY
Unit mass defined as the mass per unit length= mass (W) / unit length (L) Where W= mass of
HYSD bar in kg
L= Unit length of rod measured in meters
Density of steel (y) = 78.5 kN/m3 = 7850 kg/m3 = 7850 kg/m2/m = 0.00785 kg/mm2/m
=0.00785 L kg/mm2
Density = mass / volume = mass / (Cross Sectional Area x length) Cross Sectional Area =
mass/ (density x length)
Effective Cross-Sectional Area (mm2), A=W /0.00785 L
Where, W= mass (kg)
L= unit length (m)
Steel density=0.00785 L
Tolerance Limit-It is the allowable variation in any measurable property.
Here the unit mass should be within the given tolerance limit (Table 2, 1S 1786: 2008)

@@ (THEORY)
QARG 9119 692 A19g ALINIR2IN LS| 9F IQF AL 69 62IRAN = I (W) / 998 RFYL)
69016



W = HYSD @lo@ ¢lid (kg)

L = Qg 999 R, (96 AR

21 QA Wael (Density of Steel) = 78.5 kN/m?3 = 7850 kg/m?3 = 7850 kg/m2/m = 0.00785
kg/mm?/m = 0.00785 L kg/mm?

el =€k / 2KNQA = €D / (6R/LLPR x ME)

6JePm (Effective Cross-Sectional Area) = €119 / (W@Gl x M)
JRISe 632¢PH (mm?), A =W /0.00785L
6920162,
W = €119l (kg)
L = 998 @€, (m)
60IMEAR, MAQ
69IR6QR, ATIY 62QR 69163 FIg F6518 FESRIER AFAT 629 9RSER |
90169, AGY 79 GRS 651REAF, ATG FUER A& QI |
Diameter based tolerance (S1UFSQ 2RIAS 6S1NEQYF)

DIAMETER OF BAR INDIVISUAL (%) BATCH (%)
IAIASAQ (mm) URLIS (%) UIQ (%)
UPTO 10 mm +/-8 +-7
10 — 16 mm +/-6 +-5
>16 mm +-4 +/-3
PROCEDURE

1. Any identification mark like brand name, trade mark on distinguishing mark of the

manufacturer was checked and ascertained the grade and size of the bar.

Manufacturer:

Nominal size (example): 10 mm, 12 mm, 16 mm, 20 mm

2. The number of test specimen were selected as per of 1S: 1786-2008

3. The length and mass of the sample were measured by tape and weighing balance and found

out the mass of the sample steel rod per unit length.

4. the actual cross-sectional area (CA in mmz?) was calculated from the given section

A =W /0.00785L

where, W = mass in kg weighed to the precision of (+/-) 0.5% and L length in m measured to
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the precision of (+/-) 0.5%
The values were compared with the values given as per the nominal size of the sample given in
Table 1, IS 1786: 2008.

4G9l (PROCEDURE)

1. goI66, QYRR 5, 918 QIFl, 689 Al 7Y QYT IAGY AN FAUIS|
8@, QIR 69% 99° ARG 657 AU |

ol

@I€llgam 2NN (RLILAE: 10 mm, 12 mm, 16 mm, 20 mm)

2. 1S: 1786-2008 299I6Q Y IR L8 SUIL |

3. 697 99° BaE FITSI 98 FIA AIFR RE,IS° A1 AT, LI 9% 998 REFR €l
S0 RAULS |

4. QAARNS 6997 Q I9% 6LTR G FAULS,

A=W /0.00785L

6920169,

W = €119 (kg) DILI 90K QUSER (+/-) 0.5% FIQ RN,

L = @€, (m) QLI (+/-) 0.5% FEG 681 IR |

5. dig RIGEY IS 1786: 2008 296 FIFIgGR QIR KR ITC NG AU |

Nominal size (in mm) |Cross sectional area (in mm?) Mass per meters (in kg)
FAGGR IR (mm) SR (Mm?) a9 dQ a9 (kg)
4 12.6 0.099
5 19.6 0.154
6 28.3 0.222
8 50.3 0.395
10 78.6 0.617
12 113.1 0.888
16 201.2 1.58
18 254.6 2.00
20 314.3 2.47
25 491.1 3.85
28 616.0 4.83
32 804.6 6.31
36 1018.3 7.99
40 1257.2 9.86




Results of Unit mass (Experimental):

Nominal Actual unit mass|Value as per| Percentage Remarks
size(mm) (kg) (Experimental) Table-1 variation ggen
@AM AINR | 195 I9Q AIg GIMGI-1 §le 9%61e
@.a.) (@6mIge) (aoAl) | 296 gy aAeRe
10
12
16
20
Result of Cross-sectional area (Experimental):
Nominal Actual cross-sectional area| Value as per | Percentage Remarks
size(mm) (mm?) (Experimental) Table-1 variation ggen
ATIM ARG | QIITR §4-6999FIRN | CIRQ-1 | §1¢ 9GS
@.a.) Q2 (8.91.2) (adl) adgqie aaeas
glmy
10
12
16
20
Nominal |Actual cross-sectional area|Actual Nominal| Percentage | Remarks
size (mm) (mm?) (Experimental) diameter (mm) variation agen
QfQIm | <QI989 94-6999IM | ILEQ FATIM | §1¢ 9CsIe
dIe Q2 (8.91.2) (aual) Alxe (9.9.) afeas
@.a.)
10
12
16




CONCLUSION

From the above experiment, the unit mass/meter, area of cross section and diameter of HYSD
bar have been found out of which the diameter of 10, 12 and 16 mm are recommended to be
used and diameter of 20 mm is not falling in to recommended range. Hence, that should not be

used in civil engineering project.

QAL LI

Q6D J6LIFIRQ, HYSD GIRR QA FI/ASR, 6”ecr I9° GIATa digim AT
QIEee MIgGq T8e QAULR, QLI 986 10, 12 99° 16 mm Q AT A
AAULDLAEK 61941 20 mm Q LIAFTTR GRS RAULIRAIE, 9| R ABLAR° g6
USTIR RS AFG Q6L



QRR (QUIZZES) 2@

1. Define unit mass?

Unit mass is defined as the mass per meter length = W/L
QA Unit mass § A& e, ARG g QUFI6R ARRIVE AU | 98] 68Q& WIL |
GﬂdOIGQ, W = HYSD QIQ I (@6miglil) G L = 2IRIQ RIS W |

2. Define Ultimate stress?
Ans: The quantity of the utmost tensile, compressive, or shearing stress that a given unit area

of a certain material is expected to bear without failing.

Q@R Ultimate stress 628 & 9719 @@ Q6ll, 4°6919R, @l JAa° 6]9 gl 99 SN
AFGA IR 99 98 696 2AHRg YL 8 TF1 PR 62R1 QLR 2RI |

3. What is HYSD steel bar? HYSD @ €19 @612

Ans: High Yielding Strength Deformed are steel rods made with heat treatment. While

applying heat, the bars are cold twisted for shaping. Steel bars used to be low on tensile strength

and fragile hence did not garner much attention.

Q@ High Yielding Strength Deformed (HYSD) 4 S199%q ¢1d 9Id Il 9g¢
ARAUAIRN2N | SIA g6 @RI AF1A69, QIgEq 04l Q6L YU | R I9geq &3
24l AFRER AR MG 6LIRY6M, 6ANCE ARYFR AIFG 9T e SRS QISR
atelem|

4.Where is HYSD steel used? HYSD §@ 69Q0 SYSLIN §9?

Ans: These types of bars are used for lightweight structures as well as heavy loaded structures.
When we look at the surface of this bar, it has ribs on its surface. Due to this rib, the bonding

between the steel and the concrete is very good as compared to mild.
QAR Y& I 69U ARIEISS LRl P08 €6 6 QIR 6MIG F0F6R QULLIR g1 G

2651 9L QIR BT 6Q¢S), GILIR QU6 9] AN | T 9] RIQEER, I B FRFY FRIER
QM 2°64I9l 9 AIRY AIRA M SRR
5. What is the ultimate tensile stress of a material? Material &'Q @@ 61l 6 L &'61?

Ans: Ultimate tensile stress (UTS) refers to the maximum stress that a given material can

withstand under an applied force.
Q@9 Ultimate tensile stress (UTS) 620& Y& 9@ 9I2] 96 78| IAIG1 Q69 2IeS
62Q2)S1 910 RIS 2R 69E QIFIgh ARG SRR |
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6. Ultimate stress of mild steel is__? Mild Steel Q @Q¢l 68.<] &"61?
A 400 - 550 MPa

7. Write the full form of HYSD bar. HYSD QI £1°qqi Qd @'é1?
QAN High Yielding Strength Deformed Steel

8. What is strain? Strain @'61?

Strain is simply the measure of how much an object is stretched or deformed. Strain occurs

when force is applied to an object. Strain deals mostly with the change in length of the object.
Strain 6@9R YKIG FITQIq KLl AN LRS! 6Q6IAN| Strain QIR YA AT
6562696% GIf QIR

9. Define true stress? True stress @617

Answer / Q@9

Stress is the applied load divided by the actual cross-sectional area of a material.

Stress @ ISR 6MIG QIER LIFYIR AGY 686 28R 6L

10. What does yield stress mean? QAR 6.4 @’6l?

Answer / Qo

Yield stress marks the transition from elastic to plastic behaviour; it is the minimum stress at

which a solid undergoes permanent deformation.

Yield stress 62Q& 69 24l 6]4, JILI6R 99 AIFIG AN QU6 QL 62]IQ DI
Q9L Qog |

11. What is yield strength in simple words? 4% S1%6%! yield strength @617
Answer / Q@9

It is the stress at which a material starts to deform permanently.

gl 698 699 6990169 QAT ALK RS QG 2Aa K6

12. What is the yield stress of Aluminium? Aluminium Q yield stress @’61?

Answer / Qo
The yield tensile strength of Aluminium alloy is 276 MPa.
Aluminium Q yield tensile strength 276 MPa 2I9@2lI |

13. Cross sectional area (A in mm?) from the given relation formula? G@2IQINYSI

AFNQ QS Q Cross sectional area (A in mm?) @R GI6IF1 @AULS?

11



Answer /| Q@
A=W /0.00785L

14. What is ultimate shear stress? Ultimate shear stress @"'61?
Answer / Q@QQ:

It is the maximum shear stress a material can withstand before failure.
gl 69E Qélbjﬁ? shear stress AILI & QIAG QUGPSR qé@ ALAIER|
15. What is Fy and Fu? Fy B Fu @’61?

Answer / Q@9

Fy is yield strength of steel and Fu is ultimate tensile strength.

Fy 62R& §m Q yield strength @ Fu 62@8& ultimate tensile strength |
16. What is FC concrete? FC @@ @612

Answer / QQQ:

FC refers to the specified compressive strength of concrete at 28 days using standard

cylinders.

FC 6208 28 &7 969 Clga ARG FIA FITIKINGSI R8T A G610 A°6RI6R &3 |
17. What is MPa strength? MPa strength &”é1?

Answer / Q@

MPa (megapascal) is a unit to measure compressive strength.
MPa (6€19IQIFIR) 6228 A°6RISR §@ AT I8 IeR |

18. What is the density of steel? Steel Q L9 @617

Answer / Q1@QQt:
The density of steel is 7850 kg/m3.
Steel Q AFE! 7850 kg/m? 2o@2lN |

HEHBHH R

4°65llRIG N6
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EXPERIMENT NO:2/ d6£1% 4°614l: 2

AIM OF THE EXPERIMENT
To check for transverse cracks at the bent position after the bend and rebend test of HYSD
bar samples as per 1S: 1786-2008.

6T AERENY:
IS: 1786-2008 2QLI6Q HYSD 919 Q69 694 6 869€ AN 95, 69¢ 2I96a gIRad
91 699 @AQ! |

APPARATUS REQUIRED

Universal Testing Machine (UTM)

Specifications:

Manufacturer: M/s Blue Star Engineering Co Pvt. Ltd
Capacity: 100 tonnes

Power: 3 Phase — 220V/30Amp — 50Hz

Model: UTE 100, Year: 1995

AT QAKNE!:

2aedin 659° 66188 (UTM)

F6EIYG!:

aellgl: M/s Blue Star Engineering Co Pvt. Ltd
1Ll 100 99

§1@: 3 6CPR — 220V/30Amp — 50Hz

q6@m: UTE 100, €F: 1995

THEORY

. Steel bars are bent before placing in concrete. Cracks may occur due to:
Stress concentration at ribs

High force due to steel strength

Small bending radius

Low temperatures reduce toughness and increase cracking risk.

. Bend test checks ductility. Re-bend test checks strain ageing from nitrogen diffusion.
IS: 1786-2008 limits nitrogen to 0.012%.

LQ:

. R°GT6R QUILIR qe‘@ AW FI9g 694 QAN | PITQI AR QE2IN:

13



o ok~ w N oE

A6 689 K664

RS 1B 2R

UG @ 698° 696AY

. SIAAIGl *T6M SIreaq KTKN, PREA FIR 621 AR RGN |
. 69¢ 699 23MNG B A6QE 65.69Q IG° 607 [

1S 6Q1g AGAI6R FIRETI6RR QIFl: 0.012%

PROCEDURE

Take two HYSD bars (e.g., 10 mm and 12 mm diameter).
Place one on the UTM bending table.

Bend the bar to 135°.

Remove and place it with the bent side facing upward.
Re-bend it to 157.5°.

Measure angles and inspect for cracks.

aqal

10 mm B 12 mm QU 2RI HYSD |IQ fag |

4@ Qg UTM Q 698° 699R QU6Q QSIg

QUG 135° 6RIEER 69€ FAG |

696 Q1 J6Q [I9G QI QFER 69¢ VT AGIG
Q8i2I6Q 9LI] 157.5° 691856Q Q6QE KAg |

694 6 694 6914 1T ]IR 697 FAG |
OBSERVATION TABLE / 2944éll SIme|

oo a &~ w npoE

Diameter of Bar (mm)||Bending Angle|[Rebending Angle
QI LIAFAFTR (mm) || 698° 6218l | N6SE° 6214

10 mm 135° 157.5°

12 mm 135° 157.5°

CONCLUSION / d4°®Io
The HYSD bars did not show any cracks after bend and rebend test, indicating suitability for

construction.
ARSI HYSD SIQ &0 694 6 694 U969 60163 GIR 6QIURAGIE, I8 ULLIR

629 691R 956 K69l
14



QRR (QUIZZES) Q@R

. Purpose of bend and rebend test?

To check ductility and effects of strain ageing.
69¢ B Q69¢ 65U ACKHY?

CIMG 6 68R IG° QIS 659 /9|

. What is pure bending?

When no internal shear acts.

gy 694° lILlg §LIAIg?

6920169 2R 6Pl QIE |

IS code for rebend test?
IS: 1786-2008

Q694 69 AIN IS 6R1G?

IS: 1786-2008

. What is bending strength?
Resistance to bending deformation.

69d° 1@ Q617
694 62916 L6

. How do brittle and ductile bars fail?

Brittle fails in tension, ductile in shear.
§olam G eSINm IR FAR 6PN FEQ?
FIIRM - 659R 69, RN — FAQ 63

. Bend and rebend angles?

135° and 157.5°

696 B 694 69161 69687

135° 3 157.5°

. Aim of this experiment?

Check ductility and strain ageing in HYSD bars.
9L g6 A6H Y K612
HYSD Q9 69 GGMmE 6 6]Q IG° 664 K3Q!|
Y
A°6ERIR 2AMFER

15



EXPERIMENT NO:3/ d6£1%1 4°614l: 3

AIM OF THE EXPERIMENT:
To determine the ultimate tensile strength and percentage elongation of the given HYSD bar
sample as per 1S:1608-2005.

AVRFT AERHI:
1S:1608-2005 2N Q2IYIRKI HYSD Q19 69965199 R@¢! G6ll 613 99° go4le
22196 Aee /oS!

APPARATUS REQUIRED:

1. Universal Testing Machine (UTM)
2. Test specimen

3. Vernier Caliper

4. Ruler

ISR AARREI:
1. gRedin 66%° 66187 (UTM)
2. AU FEQN

3. AGYQ FURAR

4. €l Q&

THEORY/ €Q:
As per 1S:1786-2008, the mechanical properties of HYSD bars are as follows:
1S:1786-2008 2@QIX HYSD QIR JIg@e 96l 96/ QaUAR:

67 e ;
vield strength (or Proof stress)
‘ WA
T O
"O
L4
r
ra
= "
- 4
* 4
&
l‘l =
0.2 % or .002 e

Figure: Typical stress-strain curve of HYSD bars
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Minimum
] Min. Tensile Strength Min. Yield Strength

Grade Elongation _

~ I9Efl 60'%m 69 °2 1966 dme 69,°2

60l | gUaee 9IINE] g 6% g T
(N/mm?) (N/mm?2)
(%)

Fe415|14.5 485 415
Fe500 |[12.0 545 500
Fe550 |[10.0 585 550
PROCEDURE:

Let us find the tensile strength of Fe500 HYSD bar of given diameter for the test from the
data supplied and form the graph.

Measure the weight and length of the given sample.

Put marks on the rod at a distance of gauge length (G) from an initial point at distances of
gauge length measured by:

G = 5.65 V(A) in mm where A is cross sectional area of HYSD bar in mm?2

Its diameter can be calculated by the formula:

d = (4/11) * w/ 0.00785* L

where,

d = diameter of the bar in mm w = weight of the bar in kg

L = Length of the bar in meter

Check the diameter of the bar to be in the range of 14% tolerance limit.

Select Jaws for gripping and suitable load scale on testing machine.

Set the automatic graph recording system.

Start the UTM and observe and take readings.

Apply the load till the specimen breaks and then stop the machine

gl

1. Fe500 HYSD Q199 861l 619 GRS G2TRI SR AR AN 2RIKER
a4da a9g 9e° g BAR [ag |

2. QUGN 69T65199 BRE G 6864 QIS Fag |

3. 6918 6m°2 (G) 60 Y@ JIRAR JIFQ FINER 5T QAP IG° 6617 6M°AR 634 FIae
FAG:

17



G=5.65 V(A)

6020169 A 698 HYSD 19 MRS Y9G L°HUIES AFRER FIFl 62RR |
4. QIAIFITA FEIRI KARIER FYNGS L ULLIR FRG:

d = (4/I1) * w/ 0.00785* L

69RQ0I69:

d = QI9Q Llfex (7.6.)

w = Q19 Bae (FemIgIFl)

L = Q199 6844 (8.

5. FIAATR B FRARI6R UG 9L 14% 6FI6RAUF, A6 FRIER @2, 686% K|
2AGC 628 |

6. RS F199Eg I 89S AN RERT T FFF 6AIG 63M FIRG |

7. 968 A5P e @RS 9/¢ 69F 298 |

8. UTM QI 29g 99° ddliel aIde /g |

9. RFFI AUBPLS! AU 6RIG NITIG IG° FIT6R 65197 F% K9G |

OBSERVATION AND CALCULATION:
ULTIMATE TENSILE STRENGTH:
1) Diameter of the given sample = Cross-sectional area = Ultimate load =

Ultimate stress =

Check whether this Ultimate stress > Minimum proof stress as per table above
PERCENTAGE OF ELONGATION:

1) Diameter of the given sample =

2) Initial length =

3) Final length =

Percentage of elongation= {(Final length - Initial length) / Initial length} * 100

Check whether this Percentage of elongation > Minimum percentage of elongation as per

table above
dougl dSle B SISISI:

QA G4l SR
1. QYoM 6996919 GQIATTR =
QG 28R =

18



QA 6MIQ =
QA1 6] =

ISR 999 6IQA0I6R Y& Q@F! 6] > QIS AQ 688 SIRGI 2926
A6 51Y SINEI (Percentage of elongation):

1. QAR 699660 SIATTR =

gIodie 63¢Y =

AR 686y =

JR64IY 22198l = (ARGIF6FT-QINTR6FUY) DI NAR6TYx100

dIoxl 2% 6920169 1@ 9R64I SR8 > QURRE J64Y I8 Simal AgQI6al
CONCLUSION:

As the Ultimate tensile stress and Percentage of elongation in the provided HYSD bars
exceed the minimum values as per Table 3, IS: 1786-2008 respectively corresponding to their
grades, therefore they are acceptable for use in civil engineering purposes.

QUL LI

699 HYSD G199 Q@6 24l 634 6 99648 79I19¢ QRS SIRKI 3, 1S: 1786-2008
2gI6RQ QAT AIFG 2BFE F69, 69967 T0 RBEFAR° A6LHI6R FUSTIR AR
QA6 QAR |

QR (QUIZZES) Q@9
1. What is the unit of ultimate tensile strength?
URELIS 65YRAM 69°2A RRQGT KEI?
QAR (Answer): N/mm?
2.  What is the ability of a material to withstand tensile stress without breaking called?
4G QIFIg1 65YRM 989 F0 QIS 986 986 9e8 KR! A2l g 6896 geIaNg?
QRQQA (Answer): Tensile Strength 69'9Y M 64,°2
3. How does tensile strength change with an increase in the degree of cold working?
416 QlFl ARSI G198 IR, AR COYRR 624°2 69016 VARG §I?
QAR (Answer): It increases. 98 A

4. Is tensile strength used as a design guide criterion for ductile materials?

19



69 69.°2 & LR AT IR 9Q CRIRQ JING 2T QA ULLE 292
Q@8 (Answer): No @1&

5. How is yield strength identified during testing under a UTM?

UTM G6R d18I 98Q1 71069 @9 AIFGR ARG 69.°2 L6 906872

AN (Answer): It is identified at the strength where the material shows a specific
elongation.

69% 69.°2 68@2,1661 g 90 FR JeMIEEPLR 695N

6. What is the yield point of a material?

ARG IRG A& Q412

AR (Answer): It is the point where a significant increase in elongation occurs as the load
increases.

69% QI 68§QGQ 6MIT SRS 656R YERIEFIES FJRedd 9F W63 |

7. What does the percentage elongation measured during tensile testing indicate?
69q)am ANN A6 ANFE JBHIC I6MIEHPA] & 56 a6?

AN (Answer): Ductility

GG

8. How does an increase in strain rate affect ductility and tensile strength?

69 699 9F 696Mm, PFURMT B 65YRM 69.°2 694G (st q9?

AR (Answer): Ductility decreases and tensile strength increases.

@691, 9F I

9. At low plastic strain, yield and flow strength depend more on:

09 QA YR 6965 TNG B 651 69.°2 YR FER FER:

AN (Answer): Strain rate, tensile strength

6V QR 6919, 69YnMm 69,°2

10. What is the slope of the stress-strain curve in the plastic range?

YR 69G6R 699-69°2 KRR 6519 6971G?

AR (Answer): Strain hardening rate

697 2l6%R° 60

11. When equal and opposite forces are applied to a body attempting to elongate it,

what is the stress called?
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669696 AAIQ I99° FAQIE dagEq IR 69L6Q g6id @A, Aiel Ielg @LRlq
69R P69, 69E 699 § 69716 QRIANG?

AN (Answer): Tensile stress

69q)mm 6<.°2

12. In a tensile test, how does stress behave in the elastic limit zone?

69 ANNER, AR MEY 6QIFER 690G 699 ULLIR §9?

QAN (Answer): The stress decreases at a rapid rate.

69QaM 69.°2 QUC RINER K64 |

13. What is the gradual elongation of a material under constant tensile stress called?
R 69YAM 6°2 G6M AU16Q IEMIELPAR 9F AT WGl 6a0E qRIKNg?

AR (Answer): Creep

gar

HEHBHHHHH BB
°6sllRIa 2RIFER
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EXPERIMENT NO:4 / 62151 4°614l: 4

AIM OF THE EXPERIMENT:
To determine the ultimate tensile strength, yield strength and percentage elongation of mild

steel coupon as per 1S:1608-2005.

d6ISIRN Q6wWslY (AIM OF THE EXPERIMENT)
1S:1608-2005 296 FlIRR M 297 Q AREAS 65 69.°2, NG 69.°2 99° JG8Ie
IERIEHIAR F¢a a2QIq |

APPARATUS REQUIRED:

1) Dog bone shape specimen (mild steel coupon)

2) Universal Testing Machine (UTM)

3) Measuring Scale

dIFoie Qdaél (APPARATUS REQUIRED)

1. 261691 LA 2RI (AR AR K9Y)

2. 9aedin 659° 66198 (UTM)

3. 691@GP 69M

THEORY:
UTM (Universal Testing Machine):
A machine designed to perform tensile, compressive, bend and shear test is called UTM. It
mainly consists of two parts: -
e Loading unit and control unit. In addition to these two units, there are certain accessories
like bending table, jaws for gripping recorders etc.
¢ Loading unit consists of two crossheads i.e., upper cross head and lower cross head and a
table.
The initial slope is where stress is directly proportional to strain and the material behaves like
this up to its elastic limit where it reaches its yield strength. Beyond this the material deforms
permanently. The material then becomes strain hardened until you reach ultimate strength and
necking starts to occur and the material becomes weaker again until it breaks apart.
Yield stress is the stress at which the material deforms permanently and ultimate stress is the
stress at which material breaks. Hard steels and non-ferrous metals do not have defined yield
limit, therefore a stress, corresponding to a definite deformation (0.1% or 0.2 %) is commonly
used instead of yield limit. This stress is called proof stress or offset yield limit.
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Yield strength: The stress at which elastic deformation changes to plastic deformation causing
permanent deformation.

Tensile strength: Ultimate loads taken by the material before failure is known as failure load
stress and corresponding to this is known as tensile strength. It is recommended by maximum
stress strain curve and indicates when cracking will occur, its value does not depend on the size
of the specimen.

Ultimate strength: The maximum stress that the material can withstand when subjected to
tension on compression on shear is ultimate strength. It is the maximum stress in the stress-
strain curve.

Breaking strength: The stress corresponding to the point of rupture on the stress-strain curve
Let the initial length of specimen = L1

Final length of specimen =L2

Change in length (AL) = L1 -L2 Percentage elongation= (L1 -L2)/ L1 x 100
Yield strength= load at yield point / cross-sectional area Ultimate strength = Ultimate load/
cross-sectional area in MPa As per, Table 1, IS 432-1982

Thickness (mm) ® <20 mm 20 mm< @ <50 mm
Ultimate Tensile Stress (min) 410 N/mm? 410 N/mm?

Yield stress (min) 250 N/mm? 240 N/mm?
Percentage Elongation (Min) 23.0 23.0

@ (THEORY)

UTM (Universal Testing Machine):

@ 6019 g 699N, F6819Q, 69¢ 99° JoQ NI 29RI19 RN fRUAIRS | YK
sy QRS 2°8l 62R%:-

- 6MIG° IR 99° FERIN ISF | g1 9EC GR Y6562 92l 668° 659M, FT° AIR
R12g, REQ RBYIT 2|

« 6RIG° IRER QAT §U6EG 2N: QUAGL 62¢ I9° OREL 6%, 99° I8 659R 2|
Qg agal:

2R 6919 90163 g8 (69°2)) DIARH QAULEA FGE (640]) L6 RYIGe g9, 99°
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AIFIGN IE QLER FULLIR F6Q AT AHYS YLIQ AR MG ISIRIS K631 I8! ILIR
ANG 69.°2 gIg 9991 961 698 IA6R J6S4 K6

IR 969 QIIg FNPG 621NN, 9S° QIFIF 968 698 FI6GR° ASIg T654

QRN | 9gI 6 AMGEF 69.°2 IY 6TIR2N, 99° 68&° 2R §9, AN AIRR QR
61NN IG° Qle] QU AG2UN|

ANG 69.°%: 697 69°2 60926 TG YR F906R IASEE 689 AR §
6QIR2IN |

66YAM 6. °2: TG 6I6T696R GITIR 4B IR 0T TAQ TN AGUGE SR
QLI 96 R°Q QIR €@ FH6Q YR AMY IR 8RN |

ANEEG 69.°A: QIFIF 69666967 FITIR I3 62IR2IN, SIY 79 AR ARIA KRR
AIQIAY a2

69@° 69,°2: 698 69.°2 UITI IRFP6R AU 82 AIFG 9T 6QAN|

Stress-strain curve 69 609 YIF6R FIFAAR QUTPLAI (rupture), 69 QIF IS
anade 2Ql stress § rupture stress 1IN |

NG, AINAF MEL, (Initial length) = L,

28¢ me, (Final length) = L,

6G6S, MAN AASAR (AL) =L, - L4

<

196

— e~ o~

ANG 69.°2 = 6MIG 64 69T 660 ANG 994 / §9-6957 92l
ARG 69,.°2 = ANCAF 6MIG / 99-649] IRl
ge61e I6MIeEPA] = (L1-L2)/L1x 100

6qlSIR (A1.9.) ® <20 mm 20 mm < ® <50 mm
AGIS 699ARN 1D (FYLES) 410 N/mm2 410 N/mm?
ARG 219 (QUEST) 250 N/mm2 240 N/mm?
I8 LI (FYLCE] %) 23.0% 23.0%

J&@ G2y 1S 432-1982 Q GIm& € AQKI6Q QAR |
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PARTIALLY PLASTIC

7
’/'

Ultimate |ELASTKHEC =0 Zz0O === =~
stress \ R
-
_Yield \ & @ 27
smiss 2 “%onventional stress-strain

A D diagram or nominal stress-
strain diagram

g

e L T

True stress-
strain diagram

rupture strength

(it is the stress at

failure) :

_—

strain — €

Linsar range

Figure: Typical stress-strain curve of mild steel

Original
gauge Ienglr]

N I m———

Plastic
deforr‘nationl

Gauge length
(a) at failure

Original diameter o

diameter

(B)

Reduction in Diameter at failure

PROCEDURE:

i) The sample of dog bones shape specimen was collected and the gauge length was measured

by using a measuring scale.

i) The width and thickness of the specimen is to be measured by screw gauge (LC - 0.01mm)

and the cross-section area was calculated.

iii) Then the dog bone shape specimen was gripped in the UTM and the tensile force was

applied to the specimen.

iv) The loads in kN were recorded from the recording device at ultimate point and at the yield

point.

V) Then the stresses were calculated for the corresponding points.

vi) The ultimate stress (fu) and the yield stress (fy), were calculated.

vii) The stress vs strain curve is prepared.
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d@2 (PROCEDURE)

i) @61 6917 AFER 6926517 28 FALRAM IS° 6618 6nLy IS AR 651R° 63R
QULRIR FAUAIRK |

ii) 6996719 SYIR 9Q° FlIBE AQ 691& (LC - 0.01mm) RYLLIQ ! ARG 98° 99-
6999 992 €419 RAUAIRS |

iii) 969 G5 691 YT 69T61] UTM 62 Jd SR 99° 6996517 & 699 am
6P AIGIAIRS |

iv) 9€J8 6RIG (Peak Load) ¥I9° ARG U¥E 69 6RIQ 699% FAUVRE |

V) 69 AARC FI99le 69.°2 K419 *QUAIRS |

Vi) ARECG 69.°2 (fu) I9° ARG 69.°2 (fy) 68¢ F6R AUARK |

vii) 699 69.°2 6 69427 R FAUAIRK |

OBSERVATIONS:

Width of the dog bone shape specimen (b) in mm Thickness of the dog bone specimen (t) in
mm Hence, Cross-sectional area (A) =b x t in mm? Ultimate Stress (fu)= Peak load/Area in
N/mm?

Yield Stress (fy) = Ultimate stress x Factor of safety (0.67) in N/mm?

Initial Length (L; ) =50 mm

Final Length (L, ) in mm

Percentage elongation=L2-L1 /L1 x 100

Check, whether Yield stress > 250 N/mm?and Percentage elongation > 23% Hence if above
clause is satisfied, then mild steel is accepted for use.

AL

. 2969Iq e 6996917 R BGR (b) (mm)

. 6996919 Q CIBES (t) (mm)

9% geIou

o §9-699% 9l (A) =b x t (mm2)

o AREAY 6<°2 (fu) = TR 6MIL / IRl (N/mm?)

. OmG 69.°2 (fy) = ARG 69°2 x 69T PUIFR (0.67) (N/mm2)

o dI@: 6m°2 (L1) =50 mm

o 691% 6m°2 (L2) = mm
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o JB9IC I6MIEHPAR] = (L2 - L1) /L1 x 100

AR A6 ARIKQE 18 L& AGY QE2IN:

ARG 69.°2 > 250 N/mm? IQ° @66 I6mIearaq > 23%

UG QU6 QIR R QISR 6L1R2UIN, 6669 FlIRRG In IR ABEAA° QXY

AR FUGES 62519 69|
CONCLUSION:

We have used mild steel coupon of dimensions (250 mm x10 mm x 12 mm) and found that the
yield strength and the percentage of elongation are greater than the permissible values as
per Table 1, IS 432-1982, therefore the mild steel coupon can be used for civil engineering

pUrposes.
QUL°LIQ (CONCLUSION):

21661 FIRRS IR 99 (250 mm x 10 mm x 12 mm) QUSLIR S0 18° F65R8 64 TRS
69.°21 98° 95410 I6AISEPAR SRS AIFI6R 22K, 6ITAR 698 2R AU
ARAS 3R 999 J0R ABEAS° JRAINER YRGS 691G 62N |

gRR (QUIZZES) a9
1. Mildsteelisa_____steel. QRS &M 6298 699 IR FR?
Ans- Low carbon
QAR — AF FIFE R
2.Mild steel is used for_____. Flome IM 699 QTR QULe ¥\?
Ans- Structural works in beams, joints and girders
QAR — 7619, 6DINE IF° FITA QEER AU QAR
3. What will be the unit of tensile stress? 69'%Rm 6Y LR Iaq @6l?
Ans- N/mm?
QAN — N/mm?
4. The ultimate tensile stress of mild steel compared to ultimate compressive stressis __ .
AanG AN 65YRM 689 SRAIEA F6ATR 6L 697G 2II\g?
Ans- More
QAN - 2R
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5. During a tensile test on a ductile material NG GFIMm aelia 69 mMm
AU AeIAER?

Ans-True stress at fracture is higher than the ultimate stress.

QAR — IR AAAER ABY 6]L, QAEEIT 689 Ol 2% 29

6.When equal and opposite forces applied to a body, tend to elongate it, the stress so
produced, is called ___ . 606G9696m 691159 946Q AL B 8AQIG 1B MG B 98 R
99, 9% 694 q 96 QLIAIN?

Ans- Tensile stress

QRN — 65D 6}Y

7. The phenomenon of slow growth of strain under a steady tensile stress iscalled _
JQ 7289 699am 689 69 U16Q 165 687 98 dIRQIg fLldd -

Ans- Creeping

QAR — §d° (Creeping)

8. The ultimate tensile stress of mild steel compared to ultimate compressive stressis__ .
NG INR 65YRM 6], ClLIA FEAIQRE/J0IQ .

Ans- More.

QAN - 2R

9.A thin mild steel wire is loaded by adding loads in equal increments till it breaks. The
extensions noted with increasing loads will behave as under 69159 2qQ
Aang Y 21ag AR UG AU NGRJEM FIFIR SLIRE 606 92

Ans- Increase rapidly first and then uniformly.

QAR - JAGH G 9F B U6 A7 LA §F

10. In a tensile test on mild steel specimen, the breaking stress as compared to ultimate
tensile stress is @ 65YRR IAVNER 69G° 684 B 659Ynm 689 6Q SR
@6l?

Ans- Less @¢]

11.  Tensile test can be performed on __ . 69'goim AL 699 I TS SUAN?
Ans- Universal testing machine g&@dIn 65&° 66198 (UTM)

12.For which purpose UTM is used? UTM 699 QETHY6R QULe ¥?

Ans-UTM is designed to perform tensile, compressive, bend and shear test on materials.
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QAR - 69YR, FELIAR, 69¢ B TR 65'Y R

13. In universal testing machine, for a circular section specimen, the gauge length is taken
to be . 9RIRI e AR UTM 69 60l MEL, 6R6C 9?7

Ans - 5.65 VA mm

14. The shape of mild steel specimen used intensiletest_ . 69'%@m AUl R
AN YM 2R A15G?

Ans- Dog bone shape specimen @] 6]19 2IQ&

15.The term "Gauge length” refersto__ ."6%l% m¢)" @°6l?

Ans- The part of a test specimen actually being measured for elongation during a tensile test.
QAN — 65NN IV LLIAERQ 699 2°8IQ ME, ALY

16. Minimum percentage elongation for mild steel is____ . FIamg Jm AR FUaee
dede Q914

Ans-23%

17. Which parameters are actually measured during tensile testing of a specimen using
UTM? UTM QI 6990 [ ACIER 69 AIQUFTR AIANAI?

Ans- Load and elongation @I G 8KIQl

18. UTM consists of how many units and what are they? UTM 6962 & Q@89 62 2l19?
Ans- 2 units i.e., Loading unit and Control unit

QAR - 25 (6ME° NREY B F6EIN RAGY)

19. Minimum Proof stress of mild steel is__. flIRRG ANA QUGG QP 689 6866?
Ans-410 N/mm?

20.What does percentage elongation indicate during tensile test? 65'%om AN LR
dede 89198 S8l Q4lIg?

Ans- It is measure of ductility of a material

—_—— -

QAR — 981 9 Y AL GFNT Q4N

HEHBHH R
°65llMe 2RNFERN
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EXPERIMENT NO: 5/ ¢6&I6l 4°614l: 5

AIM OF THE EXPERIMENT:
To determine the quality of concrete using non-destructive testing of concrete by Ultrasonic

Pulse Velocity method using Pundit lab ultrasonic instrument as per IS 13311 p1: 1992.
d62IoIRN L6wWslY (AIM OF THE EXPERIMENT)

IS 13311 @IGI-€: 1992 QLM Pundit lab ultrasonic instrument QUSLIR AR ARICAITR
dRY 6QEMITT 8T IRl RFR JéR Fda /a9l

APPARATUS REQUIRED:

1) Concrete cube

2) Pundit Instrument

dIeolYa daNéEl (APPARATUS REQUIRED)
1. 9&@9 QU9

2. Pundit @@QQ6¢16k

THEORY:

The ultrasonic pulse velocity test (UPV) is one of the popular methods while one used to obtain
information about the interior of the concrete structure with two accessible surfaces
(transducers). The most known instrument which we use in lab is Pundit portable ultrasonic
instrument (non-destructive digital testing machine). This comes with two transduces and one
calibration rod to adjust the reading before test.

One of the important things in this test is having good coupling between the faces of the
transduces with concrete surfaces. The concrete surface us an acoustic coupling such as a

petroleum jelly.
Q@ (THEORY)

QARIEATR AN 6QEMITT (UPV) d9186 628 9a @4Igél 9R-6L8Q 86 QIel g9l
REQ 6099 2A2FEE G2y AR 6920169 90F 9T AURS 2N | AYISER SLS
A°LG 62AR Pundit 6TI699R ARI6IITR RLLREFE, AL 92T FIRLILR G 63115
AUIRELAR E ALC 264

@ 9N YRR94 2°6 62R& FIRQIdR 8 a&9 9Y F1RIER @M coupling &S| coupling
IR 696GIRAF 68M USLIR SR |

PROCEDURE:
1. Switch on the main of machine and apply little amount of jelly to the transduces faces.
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2. The reference bar to check was used to calibrate the reading of the instrument.

3. The pulse velocity was determined by providing the measured instruments of the path
length between the two transducers.

4. The transducer was pressed hardly onto the concrete opposite surface and it was hold for a
while to allow the reading be taken until a consistent reacting appear on the display screen.

5. The stable reading was recorded which is the pulse velocity.

As per 1S 13311 p1: 1992

If pulse velocity (v)

e v>45km/s, itis declared as excellent concrete grade

e 3.5km/s<v<45kmls,itisdeclared as good concrete grade

e 3.0km/s<v<3.5km/s,itisdeclared as medium concrete grade

e v <3.0km/s, itisdeclared as doubtful concrete grade

dG 9l (PROCEDURE):

) 65199 SIp 9 FIRLILA & QU6 IR FlIGI 68M RGN |

i) RRLPQEFI4R QE° AUINECL] AR AR EQAXFEQR, QI UL KU

i) @@ FILLYLR F1)I6R 2 QG FlIT 6QERITT acda aqua|

iv) S192Y99q IRIAIFER 2SI @S Y QU6 FId 69R AN, 9Q° 99 6]/9M Q&°

2181 gy aRIA|

V) 69GM 6LQ6MIAT 06°g 690¢ FAULIN|

IS 13311 (@IGI-€): 1992 2GLM FEIS Rl FLQEI:

Pulse Velocity (v) Concrete Grade

v > 4.5 km/s QLE K@l (Excellent)
3.5 km/s <v<4.5 km/s @&l (Good)

3.0 km/s <v<3.5km/s Q1&d¢l (Medium)

v <3.0 km/s A9 (Doubtful)
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OBSERVATION (946994)):

SLNO [TIME TAKEN (sec) |VELOCITY (kmis) QUALITY
gAe | 999 FALIRE 6QEMAT (km/s) qéIeal
oSyl (6969€69)

1

7

3

CONCLUSION:

From the above experiment it is found out that the above concrete cube has pulse velocity of

xxxx km/s which suitable for construction.

QAL°IQ (CONCLUSION):
QO A6RYG Y6LUITIQ TENIEG 2969, IT RFF YR IR 6RERITF xxxx km/s 2I&,
Qg1 909 QIdY IR QaeLISIELISY 269

GRR (QUIZZES) 2@

1. An ultrasonic pulse velocity testisan ___. Ultrasonic Pulse Velocity Test @6l d@lQQ
60'R?

Ans-In-situ, non-destructive test

QAN IR1Y, AT 69 (In-situ, non-destructive test)
2. In the UPV test, the strength and quality of concrete or rock is assessed by measuring the
__ofan ultrasonic pulse. UPV 65R6Q 8°56' G SRl gél G 618 G9Q cllaIKg?

Ans-Velocity

QA% ARIEATS 92 @ 916 AId
3. Mechanical pulse having an oscillation frequency in range of T 656
6CRIRRIN IRA AGRIL GG 69 696 21\g?
Ans-40 kHz to 50 kHz
QAR 40 FEMILER (kHz) Q 50 REMILER
4. When the motion of the particles of a medium are at right angles to the direction of wave

motion, the wave being transmitted is called a £6G696R FlIIFIA RERFFRR
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9% GG TR YIS Q@6Iq 2N, 698 ARG K6l QRIAIN?

Ans-Longitudinal wave

QAL MFQUGAIM SQARP (Longitudinal wave)

5. Ultrasonic testing is done in materials to determine? Ultrasonic testing @6l AR QQULII?
QA LER AQE 6LIY/PIT T AR

6. A concrete sample to be characterized as good quality, its pulse velocity should lie in the
range of .@°8% 99U M YRl 69IM QRS JIR ST 9 609 69
RIER 2R Q56?2

Ans-Cracks/flaws below the surface

@@ 3.5 km/s Q 4.5 km/s

7. The difference between pulse velocity obtained by direct method and indirect method may
vary from 5699 99° Rd60] 6£12% FIal ARSI 9IPQ SIS 6960 AU
2dRdIeR?

Ans: 5 to 20 percent

QRN 5% Q 20%

8. A minimum path lengthof __ mm is recommended for the direct transmission method
involving one un-moulded surface? G699 FIRAER 6€12G IR 2AQe°de guaes el
em°2 6966?

Ans: 150 mm

Q@@ 150 mm

HEHHHHR R R
°6sllRIa 2RIFER
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EXPERIMENT NO:6 / 96£1%1 L4°6141:6

AIM OF THE EXPERIMENT:
To assess the available compressive strength in concrete using non-destructive testing by
Rebound Hammer method as per IS 13311 p2: 1992.

62181 Q6E6IY (AIM OF THE EXPERIMENT)
IS 13311 DRIQ 2: 1992 AQAIER RR-CLIN 65Q° 6712% QULLIQ 83 @Y A QIS
REAARQ 69.°2 JRUISS KR! |

APPARATUS REQUIRED:
1) Concrete cube

2) Rebound hammer

3) Compression Testing Machine (CTM)

IR QAKNE (APPARATUS REQUIRED)

1. &9 QUQ

2. ARG [UIFI

3. R6AAQ 669 6619Q (CTM)

THEORY:

Various non-destructive test methods adopted to evaluate the compressive strength of
concrete are:

i) Cone-Cut Test.

ii) Pull-Out Test

iii) Surface Hardness Test

iv) X-Ray Test

v) Electrical Field Test

vi) Ultrasonic Test.

vii) Rebound Hammer Test

The most suitable one is Rebound Hammer (RH) test. The error percentage is less than
compared to other methods.

When plunger of the rebound hammer is pressed against concrete surface, the spring-controlled
mass rebounds and the extent of rebound depends on the surface hardness of concrete. The
surface hardness and hence rebound is related to the compressive strength of concrete. The
rebound is read off from the graduated scale and termed as rebound number. The rebound
number is correlated to the compressive strength of concrete from the available chart, which
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depends on the direction of surface strike with the help of rebound hammer. The chart for taking
the rebound hammer reading is available for vertically downward, vertically upward, horizontal
plunger movement. Point of impact of RH on cube should be more than 20 mm from the edge of
the specimen and distance between two consecutive impact points should be more than 20 mm.

€@ (THEORY)

@9 A F6813% 69°2 JRUISS 091 dIR TR F7-0LRN 66 661219 YL €4
691R-9%9 659

gR-2lKg 659

AQEY LIT65Y 659

X-6Q 65

6-6ME AN PRG 659

QARIEAITR 69

AR LI 65K,

A6SIRE 661217 6TRR ARIAE LUIFQ (RH) 65! AR 65129 SRFIER ILIR 85 964
N

6960696R AQIRE [UIFIR A PR aBF ATy dE8E FIde g9, §°o-Faae a9
A°ge6Ig R6Q Y8° Y@ 9°gL6I Y 629IR Q191 @R AR6PY FERY U6R FLR
Q60| 9Q6ErY 219689 I9° IE JASER Q910 926 ARG 2IY, Al fFF A F6813R
69°2 986 9%e AHRIN| AFIRE FERQ FIFIETF 6N Q FRANGIG U6 99° I qelg
ARG FEQ 69IR LN | DFIRG 9 FEF A F6LITR 69.°0 ITC ARG *ARIG SIF
IR GRS SN, FIL! ARG QUIFIRQ ITC VY FIF 68U FEQ 263 ARG SUIFIQ
A GAMRIG SIF6R QAR B¢, IR QU6 I9° LARQIR PEQ SNl D26R 9RIe
AN

RH O¥ r6Q 9 9aIS 99 889 qYS 9969rg 2069 9@2el od 9Ie 2Ia 98 gIe 99
SI9 20 FRFISQ OIQ 2@ QBRI YRR I9° §F12 A2E RIS YT IR 20 ARTSQ 0IQ

2RI G 284 FAULS! QR
PROCEDURE:
i) After curing period of concrete cube is over, take out the cube from the curing tank.

N o g &~ w npoRE

i) Smooth, clean and dry the cube surfaces.
iii)The test cube (150mm*150mm * 150mm) is held under CTM with a fixed stress of 7
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N/mm?, so that the cube in the laboratory will not be displaced while pressing the cube with
RH plunger.

iv) Around each point of observation, six readings of RH is taken and the average of all these
six is interpreted as the result of the test point.

v) Record the rebound number and correlate the number with the available chart and declare
the strength of that point on concrete surface.

vi)On one concrete cube surface, nine equal spaced symmetric points are chosen and strength is
accessed and average of all is taken.

vii)  Similar test is continued on other available cube surfaces.

viii)  Average of all is declared and is the compressive strength of concrete cube by RH
method.

iX) Then compare the results from rebound hammer test and compressive testing machine.

X) The cube used is made by concrete mix design mix method.

xi) The difference between the compressive strength results obtained from this RH NDT test

and destructive test result by crushing the concrete cube under CTM is +25%.

Gl (PROCEDURE)

1. 9@ QU8 A QA 9RAG A4 696M, QUK § QUA° FIF Q ARG |

2. QUQ Ax6rg 492, APl 99° 9]l /9g|

3. AN QUL (150mm * 150mm * 150mm) @ CTM 620 3Q, 7 N/mm? Q @&© gId
FUARR, AL NIESIEACTINGER FUS FLRAIG FIE |

4. 95T AL6RINS ARRER, ARG LUIFIR A 82 G° FIAIRAN I9° AIY G Glae
FRICPR FRNUG ALY SN

5. QQIAg QAR 69RC A I9° Sl ATC A%e AP I8° 698 R ARG 69°2 9
dalsl aag |

6. 9% AEY 9US AR6TY QU6 6919 AAIF ASAR FBGY IR F69 NG FIS AR
ARG ¥e° 64.°2 21699 991g 99° 9919 Q G19g falng |

7. 9292 §019 @@% QU] Q A6 QU6 Y@ I RAULER /g |

8. A919 GAINQI Bl9Q § a&EF QUS FEAIR 69.°2 QULEA RIS FAG |

9. 969, DRIQE QUINQ 69 IR° RELITRQ 66F° 66127 (CTM) Q PRICPHRG SRRl FAg |
10. 699 GUS SUSES 62IRE 699 A% FF6 A58 65127 FIRI *EY Figd BRI

ARG 6QIR2AN |
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11.  3QI9g LUIFIQ NDT 669 98° 968189 66/ PRIPAR GPIG £25% 6LIQAIER |

OBSERVATION/ 9QQ6l:

SL.NO. | Rebound Number (RN) Average Rebound Number | Compressive Strength

RN at Point 1 =
RN at Point 2 =
Surface 1l | RN at Point 3 =
of Cube | RN at Point4 =
RN at Point 5 =
RN at Point 6 =

RN at Point 1 =
RN at Point 2 =
Surface 2 | RN at Point 3 =
of Cube | RN at Point4 =
RN at Point 5 =
RN at Point 6 =

RN at Point 1 =
RN at Point 2 =
Surface 3 | RN at Point 3 =
of Cube | RN at Point4 =
RN at Point 5 =
RN at Point 6 =

Surface4 | RN at Point1 =
of Cube RN at Point 2 =
RN at Point 3 =
RN at Point 4 =
RN at Point 5 =
RN at Point 6 =

> Compressive strength from rebound hammer test (NDT) = N/mm?

» From compressive strength machine, Cube crushing load under CTMis N Area of
cube =150 x 150 = 22500 mm?

Compressive strength from destructive test = Cube crushing load / Area of cube (N/mm?)

Difference between above two tests should be +/- 25%

> AQIQE LUINRQ IAIYE FIU KESARQ 6.°2] (NDT) = N/mm2

> Q681PQ@ 69°2 66197 99U,

QUe 22° 6MIF AL CTM 986 =N

QUL Q96 LR = 150 x 150 = 22500 mm?

GLEQ ANV FIAU F6STR 69°2 = QUK 99° 6RIF / QUK 161 28R (N/mm?)
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> QU618 98 IINE FRIER Fo 99° o1 daISEER 9ETPRER GRS 62!
SIEG +25% AIC6R 68]1 fRRIA|
CONCLUSION:

The test result using non-destructive technique adopting rebound hammer test is acceptable as

the difference between this result and that using compressive testing machine is well within
+/- 25%.
QAL °LIQ (CONCLUSION):
AR-2LTQ NG IFG QURRIQ AR AQIQE LUIFIQ YS! FIAU DIF 6LINYL AAIYE]
JRIE L°6RIVRER 2GS 2SI AFRING ARG IR [6R, 6629 YILIQ galFl 9Q°
FO1% ANV PRICPR GPRER £25% L6 §& 2R |

@ (QUIZZES) @@

1. What is non-destructive test? Non-destructive test @’61?

Ans- Non-destructive tests are applications for detecting flaws in materials without impairing

their usefulness.
QAN: 99-@%@@ 061186181@%‘ 2928 Q1 g g@q@a ég@ A9l AR URLe gV,
Ll dIF19NN QHQ‘QI@QGIQL AT ARG

2. What is a destructive test? Destructive test &’61?

Ans-Destructive tests are applications for detecting flaws that impair the use of the materials

such as pressure testing.

QAR GLIR ANVEYER 25 580 AR alR UeEe g9, JIgl AINYIR QULLIRRCI
G 269, L2l 699Q 66° |

3. What are the disadvantages of Rebound Hammer Test? Rebound Hammer Test QU
29gIege AT @612

Ans- Flaws cannot be detected with accuracy

QAR 250G 90 QR 59F FRRIg 971e] E_ﬁG@o I

4. Mention the factors influencing rebound hammer test? Rebound Hammer Test
delse a2Ql eQ «°61?

Ans: Type of cement, Type of aggregate, Curing and age of concrete, Surface condition and

nature content.
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QAQ: J6714 g1, 9696915 IR, AN GYR° B @A, AR Ao §6 B geee
IF191Q ARMIQE L°G 2 |

5. What is the principle of rebound hammer test? Rebound Hammer Test @ Q¥Ig

@ 61?

Ans: Rebound hammer test is based on the principle that the rebound of the elastic mass
depends on the hardness of the concrete surface against which the mass strikes. When the

plunger of the rebound hammer is pressed against concrete surface the spring-controlled mass

of the hammer rebounds.

Q@R Rebound Hammer Test Q QYIS 6208, 6626967 Rebound Hammer Q 9&Q
AIFIGRA ALLER 699 @A, LILIQ ISR IRIAR 79 9LQa6 291 AP AGE
QTR AUER Y& 689, 7 61|

6. What is rebound index? Rebound Index &61?

Ans: The rebound value read from the graduated scale of rebound hammer is called

rebound index.
@A Rebound Hammer Q 9Ig2I69G 62M OIQ ALK IR 62 QAR fnelN, 6929
Rebound Index 6Q1M QLI |

S R T T R T T

de6dllRIG 2lRNTER
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EXPERIMENT NO: 7 / 96&1%1 4°614l: 7

AIM OF THE EXPERIMENT:
To perform the M25 concrete mix design in accordance with 1S 10262:2019.

d6 LISl Q6w Y (Aim of the Experiment):

2RI €0999:908¢ (IS 10262:2019) QLI M25 K°G6 Fig GRIRe /0S|
APPARATUS REQUIRED:

1) Concrete making materials: Cement, Fine aggregate, Coarse aggregate, Water,
Superplasticizer

2) Concrete Mixer

3) Slump cone with tamping rod

4) Cube moulds

2SS QARG

1. G°39 G2 IR ALEUS QAIFIR: T661E, I RIS (Fine Aggregate), F1I52I g€
(Coarse Aggregate), 9Iél, 9YILRER

2. 2°G% dga

3. 9¢1 6QIQ 6 SUIF QB

4. QYL Q18I (Moulds)

THEORY / 9%Ig

1. STIPULATIONS FOR PROPORTIONING / 2g€l¢ §4a a1 §212102)S1 964
a) Grade designation: M25
69%: M25
b) Type of cement: OPC 43 conforming to IS 8112
6514 gRIQ: OPC 43 (IS 8112 QLK)
¢) Maximum nominal size of aggregate: 20 mm
AIFAL AR 2A6F691G" 20 mm
d) Exposure conditions as per Table 3 & 5 of IS 456: Moderate (for reinforced concrete)
QARG 9&: 1RIE (Moderate) (IS 456 Q @IRGI 3 9° 5 2AQILl)
e) Workability: 75 mm (slump)
QUUKAB! (S¢1): 75 mm
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f) Method of concrete placing: Chute (Non pumpable)
291 A8G: 99 (AL 96%)
g) Degree of site control: Good
In1al fALE: @l
h) Type of aggregate: Crushed angular aggregate
2l6g601q gal: 94 6xl&ill
j) Maximum cement content (excluding fly ash): 450 kg/m3
26514 AR €D 450 kg/m3
k) Chemical admixture type: Superplasticizer - normal
ALER 2ALTFEQ IR ARIKE FIQAYPIALRERQ
2. TEST DATA FOR MATERIALS / Q€IQIS 98186 aasl 821y
a) Cement used: OPC 43 conforming to IS 8112
QULEE 6514 OPC 43 (IS 8112 QLK)
b) Specific gravity of cement: 3.15 (assumed)
6914 T8} FQ1I: 3.15 (UAULIR)
c¢) Chemical admixture: Superplasticizer conforming to 1S 9103
AALER AER: 1S 9103 AQAIN IAYIARDR
d) Specific gravity:
1. Coarse aggregate (SSD condition): 2.68 (assumed)
64119 62lie (SSD 294ll): 2.68 (RFIAULIR)
2. Fine aggregate (SSD condition): 2.65 (assumed)
48 62Ia (SSD adl): 2.65 (FIQULIW)
3. Chemical admixture: 1.11 (assumed)
AUAATS AgR: 1.11 (IVUAIRQ)
e) Water absorption:

1. Coarse aggregate: 0.5%
64119 62liq: 0.5 §16°%l
2. Fine aggregate: 1.0%
4 62Ia: 1.0 §19°¢
f) Moisture content (as per IS 2386 Part 3):
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1. Coarse aggregate: Nil
6419 62Ia: gaY

2. Fine aggregate: Nil
g 62lia: gay

g) Sieve analysis:

1. Coarse aggregate: 20 mm down and 10 mm down, 50% each
66115 62l19: 20 mm B 10 mm QIFAAIGR 2RI, GG 50%
(IS 383-2016 2QQIN Q@14 gB9S T8l € 2°YS)

2. Fine aggregate: Zone Il conforming to IS 383:2016 Table 9
A AIL: IS 383-2016 Q GIMAI 9 Q 6591 RURR AFR-9 AL LG Qg

Analysis of Coarse PRec_ommended
Aggregate ass.mg as per IS
IS Fraction 383:2016 for 20
Sieve (Percentage Percentage of Different _ mm Graded
Size (1S Passing)6@I2ld | Fraction (Blending Ratio)8@q AggregateslS | pemarksGige
g@ 211656515 21°519 ﬁﬂé‘ aag|g (%) 383:2016 Zlijﬂlm
AR poaie @rase 20 mm 686w
2569 %) 216916919 dit
aquasi 21°61
20 — || 10 -1 20-101| 10 — | Combined Conforming to
10 4.75 mm 4.75 Percentage graded aggregates
mm || mm (50%) | mm || Passingfig] of 20 mm.
(50%) | 289 (%) nominal size20
20mm| 100 Jf100 |50 |50 100 190 - 100 mm 566
2leg6olq
omm] 0 | 7628 |0 | 38.14 |38.14 l25 55 leigaien aeag
4.75 2.4 1.2 Within limitQ1¢ll
mm 12 0-10 ARI6R 2R

3. TARGET MEAN STRENGTH CALCULATION / figlél 21948 8196 dI A8y

QIe sI®f'ck =fck + 1.65 x S

or / 22Kl
f’ck = fck + X
Whichever is higher (CI. 4.2 of IS 10262:2019) / 620 @8 gAY &2, GIT! L6 [9QIg

(1S 10262:2019 Q R 4.2)
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Where / 90:
« fck = Target average compressive strength at 28 days / 28 @@6Q RAY ARIAE QIS
1%
o fck = Characteristic compressive strength at 28 days / 28 GR6Q 639YYGL QIS €18
o S =Standard deviation / 10@ UL
« X =Factor based on grade of concrete / @°@% 691G QU6 RIS 99 AR
From Table 2 of IS 10262:2019, S = 4 N/mm?
1S 10262:2019 Q SIM@I 2 AL, S = 4 N/mm?2
From Table 1 of IS 10262:2019, X =5.5
IS 10262:2019 Q SIM&l 1 AQQL, X =5.5
Now calculating target strength using both formulas / @@ EN1RRE QKL RAY ST F8IQ!:
a) f'ck = fck +1.65 x S=25+1.65 x 4 = 31.6 N/mm?
b) f’ck = fck + X =25 + 5.5 = 30.5 N/mm?
Since 31.6 > 30.5, adopt 31.6 N/mm?
QG MY I8 AL, 664 MY §IF 31.6 N/mm? 68
4. APPROXIMATE AIR CONTENT / ?JIEI?II@G‘ Qg Aie19]1
From Table 3; CI. 5.2 of 1S 10262:2019, the approximate amount of entrapped air in normal

(non-air-entrained) concrete is 1.0% for 20 mm nominal maximum size aggregate.

IS 10262:2019 Q SIMAI 3; {& 5.2 AL, ARIAE (FIQ-TID %IGQD) R°GER AQARS
Q81 QIR AN 1.0 GBS ATK (20 mm QIAIFIES QSRS ARQ 2SI 26969S AR |
5. SELECTION OF WATER-CEMENT RATIO / €l&-96£16 dQdIe SO

From Fig. 1 of IS 10262:2019, for a target strength of 31.6 N/mm?, the free water-cement
ratio is 0.47 for OPC 43 grade curve.

1S 10262:2019 Q 52 1 22X, 31.6 N/mm2 RQY 613 IR OPC 43 697 A6 AN ALEUS
02 I&-9691¢ 2% 0.47 25K |

This is less than the maximum value of 0.50 prescribed for 'moderate’ exposure in Table 5 of
IS 456:2000.

9@l IS 456 Q GIRG! 5 AQAIN ‘ERIE” 9684 AIR FFIRG 2YFSF FRY 0.50 OIQ [
A& |
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Hence, 0.47 < 0.50, so the selection is OK.

0.47 < 0.50, 69§ 9% 00 0K AT

6. SELECTION OF WATER CONTENT / I8l €lIgIQ S2&

e From Table 4 of IS 10262:2019, for 20 mm aggregate and 50 mm slump, the water content
= 186 kg/m3

IS 10262:2019 Q SIMK| 4 2911, 20 8.8, 21696919 99° 50 A.61. g6 aIQ Q1él Al =
186 &.gll/er

e For 75 mm slump, increase water content by 3% for every 25 mm slump increase (Clause
5.3):

75 8.8. 99 dIR, 9664S 25 &.41. 98 QU6 3% 98 QUL ([K 5.3)

Water Content=186+(3%186)/100=191.58 kg/m3

With superplasticizer (1.0% of cement weight), assume 22% reduction in water (Clause 5.3):
QIAYREQ FULLIR (D664 QUAR 1.0%) ARG, I8 AIGSIER 22% KFL F6QSF (RQ
5.3)

Reduced Water Content=191.58x0.78=149.43~150 kg/m3

7. CALCULATION OF CEMENT CONTENT/ 96614 qlgio 8419

« Given: Water-cement ratio = 0.47

QULIRE: AI&-T6914 2AgAIS = 0.47

o Cement content:

Cement=150/0.47=319.14<320 kg/m3
From Table 5 of IS 456:2000, minimum cement for moderate exposure = 300 kg/m3

IS 456 Q GIRGI 5 AGAILN, T 96F Y694 AR ARG 674 QG = 300 &.gll/¢P

« Since 320 > 300, OK

\@2J6Q 320 > 300 26T, 604 9Ll 0K ASRK |

8. PROPORTION OF VOLUME OF COARSE AGGREGATE AND FINE
AGGREGATE/ 681214 99° &IRg 269699 Qe 2gale

e From Table 5 of IS 10262:2019, for 20 mm aggregate and Zone Il sand with w/c = 0.50:
1S 10262:2019 Q SIRGI 5 2L, 20 §1.51. 26T69T IS° 6R1Q-11 696N AE-T661&

21Q9IS 0.50 691 69124l 2I6T6TF A ARYE] = 0.62
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e Forw/c =0.47 (lower than 0.50), increase coarse aggregate volume by 0.01 for every 0.05
decrease:

wic = 0.47 69, 0.50 OIQ 9¢] 62RJFIQ G 0.05 AF IR 0.01 §F US| T QAL
Corrected coarse aggregate volume=0.62+0.01=0.626

Fine aggregate volume=1-0.626=0.374

9. MIX CALCULATIONS / ig €4S

The mix calculations per unit volume of concrete shall be as follows:

JQIF 696014 QURLIQ IE 9ERne I9e 2Ifee FIT6 62719 9186 6LR&:
a) Total Volume / 4¢)QI&< 2ldee =1 m3

b) Volume of entrapped air / 216849 92IQ 2L = 0.01 m3

¢) Volume of Cement / 46614 Q KGR

= (Mass of cement / Specific gravity of cement) x (1/1000)

=(320/3.15) x (1/1000) =0.102 m?

d) Volume of Water / Q18R 2IAGS

= (Mass of water / Specific gravity of water) x (1 /1000)
= (150 /1) x (1/1000) = 0.150 m3

e) Volume of Chemical Admixture (Superplasticizer)

/ QAER 2IFF A AR (YIWIRRER)
=(3.20/1.11) x (1/1000) = 0.0029 m3

g) Volume of All-in Aggregate / 4¢1€ 216969] 2IAC R
=[@@-b)-(c+d+e)]

=(1-0.01) - (0.102 + 0.150 + 0.0029)

=0.735m3

h) Mass of Coarse Aggregate / eqlad 21696919 @ ¢l

=0.735 % 0.626 x 2.68 x 1000 = 1233.09 kg/m* = 1233 kg/m?

j) Mass of Fine Aggregate / PIog 21696919 @ ¢1IY

=0.735x 0.374 x 2.65 x 1000 = 728.45 kg/m* =~ 729 kg/m?

MIX PROPORTIONS FOR TRIAL NO. 1/ €121€1 dQ1R&l QIR §ig 29 €l
o Cement/ J6¢1§ = 320 kg/m3
o Water / Q& = 150 kg/m3
o Fine Aggregate (SSD) / I& 2696519 (SSD) = 729 kg/m?3
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o Coarse Aggregate (SSD) / eql21d 2169l6%1%" (SSD) = 1233 kg/m?
« Chemical Admixture / QUAASTS 2IFF = 3.20 kg/m3
« Free Water-Cement Ratio / &1 QI§-2691& 2Q4IQ = 0.47
ADJUSTMENTS FOR DRY AGGREGATES / 9% 21696519 G|§QQGQ|Q9
a) Fine Aggregate (Dry) / FIR& 269691 ()
=729/[1+(1/100)] = 721.78 kg/m* = 722 kg/m?
b) Coarse Aggregate (Dry) / ealad 21696919 (gF)
=1233/[1 + (0.5/100)] = 1226.86 kg/m® = 1227 kg/m’
Additional Water Required / 2832 QI8 2GRS
1. For Coarse Aggregate / eal2d 216965919 QI =1233 - 1227 =6 kg
2. For Fine Aggregate / g 216965919 AN =729-722=7 kg
Total Water Requirement / 6€1S <&l Q€YK G
=150 +6 + 7 =163 kg/m?3
MIX PROPORTIONS AFTER ADJUSTMENT / L¢164I0a J6R ﬁ%‘ 2dgdle
« Cement/ Q6¢14 = 320 kg/m?
« Water (to be added) / Q181 (6<15l @QULLI) = 163 kg/m3
o Fine Aggregate (Dry) / I 2696919 (§F) = 722 kg/m?
o Coarse Aggregate (Dry) / eqlad 21696919' (gR}) = 1227 kg/m?3
« Chemical Admixture / QUAAGS 2IGF = 3.20 kg/m3
« Free Water-Cement Ratio / &1 QI§-2601€ 2Q4IQ = 0.47

PROCEDURE:

1. Calculate materials required so as to cast three cubes as per above proportioning

2. Mix the material together in the concrete mixer

3. Grease the cubes moulds

4. After concrete is prepared, test the workability using slump cone test

5. Pour the concrete in the cube moulds in three layers, each tamped by 25 times

6. Next day demould the cubes and immerse them in curing tank so as to ensure 28 days of
curing from day od casting

7. After 28 days, bring cubes from curing tank, make them clean and dry

8. Test them under CTM and average strength is compared with that obtained from RH NDT

test
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d&@@I (Procedure):

1. ARANE69 TRT QIS QIR AR VN AVFAGIFES 2AIS 99 AL YIQ AERY
AAUARR|

2. 4719 QURAIFEG 2@ g AdIg |

3. QUS 6IReYE] 99 AT

4. SBQ 990 62MIT6TR, BRAME 65 ARG It 6917 69 KRG |

5. QU9 6fINEIEE 000 aduILeR Yo f9g, 9664R AdUIg 25 A9 YISt fag |
6. J69 698 G0 QU6 QURYPT F6CING 27 QUG UIFER QG K9G, ATl ]G
@391 AR 62 28 §F FIAU QYA FAS|

7. 28 8 969, QUSYET] QU YRR 69R BITIG ATl K8 IR FAG |

8. 6998g CTM 2258 659 g I8° ARG 48 Q@S UG RH NDT 6996
2RI K9G

OBSERVATION/A46 Q6] (After 28 days):

Cube Load (KN) | Area (mm2) Cube Compressive | Average Compressive
Qe | QAUAKN) | gge (mm?) | Strength (N/mm?2) Strength (N/mm?)
A9 A6FICT IR | LIALIQ VKIS §1D

(N/mmz2) (N/mmz2)
1 150°
2 1502
3 1502
CONCLUSION:

It is thus found from the compressive strength test that the mean target strength after 28days is

achieved. It can be said that concrete is of good quality and has desired strength.

QEQ°LIQ: YT, 9°6919% €3 JNVEIQ 9L IS 622& 64 28 &7 U6 MY 6@
dig 6RI98 | 9LIq 9LRIq IR 64, 604 8°FF O FIILRIR B 2IQEUS 98 ARe 2K |

47



GRR (QUIZZES) Q@9
1. _ hasdesignated the concrete mixes into a number of grades as M10, M15.
@9 @°q% 99969 M10, M15 Qi 2629 699 6Q SRIRE 90R?
Ans- 1S 456-2000
Q@ IS 456-2000
2. Compressive strength of hardened concrete is done by __ .
Q6SY R°TR L°6RISR 618 AR A2
Ans- Cube test
Q@R QU AN

3. The characteristic compressive strength is defined as the strength of the concrete below

which not more than of the test results are expected to fall.
RIS 2°6RI9R F189 FAR ARV FAUAIRS?
Ans- 5%

QAR 692 F°6Q19F 613 AT IR ANV PRIFRER 5% RSP @ 6LRIQA AQQ| Q&N |
4. For moderate exposure conditions, the minimum grade of concrete is__.

cRIF ATCR 98 dIR 9°56Q FYo¢ 69¢ @'€?

Ans- M25

Q@ M25

5. The rate of creep rapidly _ with time?

39 2IQ 96 9919 986 FAQ emeNg?

Ans- Decrease

QRN LY

6. water-cement ratio content to give adequate durability for the particular site
conditions. 9586 9f 35 QIR U462 1A% 986 A18-6514 6096 AT Q&2
Ans- Maximum

QAN 651

7. What is the approximate min proportion for M25?

M25 Q die & I8l @617

Ans-1:1:2

QR 1:1:2
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8. Maximum nominal size of aggregates to be used in concrete may be as large as possible

within the limits prescribed by

R°FTER QULLIQ AR QBCE R 26Y6HIT K612

Ans-1S 456:2000

QA IS 456:2000

9. What should be the minimum water cement ratio?

@Yo dIf-36514 686 @412

Ans- <0.45

QRN <0.45

10. is defined as the design strength determined for the manufacture of
reinforced concrete. J6¢14 K°FFQ LRING A°6RISR 1B K6l QRIANG?

Ans- Target mean strength

QAR FI65IT NG 69.°2

11. If the trial mix gives a higher 28 days compressive strength value than the design

value, then for the next trial.

A8 SR O1g 96 QRS 28 §F Q L°6R19R 93 Y &Y, 6561 IR FIAIR AR ¢
AAUDQ?

Ans- Water-cement ratio is increased

QA A18-60€ 6286 9F QAULSI

12.  The total number of grades of ordinary concrete stipulated in 1S 456:2000 are___.
IS 456:2000 6 QERTS ARIQE R°FFR 691FIM 69F L°HYl 696372

Ans -3

Q@ 3

13.  The target mean strength fm for concrete mix design obtained from the characteristic

strength fck and standard deviation o, as defined in 1S:456-2000 is ?

IS 456-2000 69 R4S S1661Q A1q 69.°2 fm T671Q R°FTR L°6RITR 1B fok I§° WIAIE
G0 o Q FUR dIg 997

Ans- fck + 1.65¢0

QQQ: fck + 1.650

14.  The grade of concrete M15 means that the compressive strength of a 150 mm cube

after 28 days is :
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M15 @°§% 659G 62 28 @@ J6Q 150 8.8 QUQ A°6RISR 98 §66 €92
Ans: 15 N/mm2

QA 15 N/mm2

15.  Water cement ratio is defined as

Q18-3661€ 69818 69716 AARNJE FAI?

Ans- Ratio between the weight of water to the weight of cement used in concrete mix.
QAR 7°5% Ag6 AIfl B Y6FQR BRAR 6283

16.  The workability of concrete by slump test is expressed as __.

Gt ANY §IRU F°FoR FILYAG! FAR FRIFS §9?

Ans- mm.

QA mm

17.  The maximum particle size of coarse aggregate is __.

R°Go6R aad 269695 FLIFIGIA YRS F41?

Ans-75 mm

QAN 75 mm

18.  What happens when water to cement ratio decreases?

G A18-2661¢ 683 KF1AIY, 6969 @6 992

Ans- Due to lower water, concrete becomes more drier but compressive strength increases.
QA 21 2°¢ I8 AEG, 9°QF AR 9l 99, /G L°6R15R 92 9F g9
19. The workability of concrete is defined as the?

@°R99 AILICC IR IATE KQULI?

Ans- Ease with which it can be mixed, transported and placed in position in a homogeneous

state.
QAR: 698 I AIRI6R LR £, IRLLR 6 YIFISRE KU 9Q° 9@ AFLE
2dIER 694 @AULINI
20.  Plain cement concrete is strong in taking
ARIQE D618 2°GF FAR F6R Q@ 992
Ans- Compressive stress
QAN L°6RIoq GId
R T T T R R T

4°65llRIG 2RNPERN
50



EXPERIMENT NO: 8/ ¢6&I6l 4°614l: 8

AIM OF THE EXPERIMENT:

To study the flexural and shear behaviour of Reinforced Cement Concrete (RCC) beams.
d6 LGN Q6w 6IY (Aim of the Experiment):
QR6erde 26614 K9RY (RCC) A9mR 6RAZAUR I9° AAUQ SUSLIQG LG K9Sl |
MATERIALS REQUIRED:

o Coarse aggregate

e Fine aggregate

e Cement

o Water

¢ Reinforcement bars

e Binding wire

dieslia diqg:

. 621214 YG6olg

- PIRQ 9G6919

- 26514,

- I8

- Aeberidenq Qid

- QIRd° GloQ

APPARATUS REQUIRED:

e Beam formwork

e Cover spacer

e Loading frame

e Supporting pedestals

e LVDT (Linear Variable Differential Transformer)
e Strain gauge

e Data logger

2T QAIRNEl (Apparatus required):

- Q¢ erelaie

- R9Q 699
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- 6MIG° 6P

- J6QIT° 6U6LYR

« LVDT (RGLQ 602N G6P6BIIN ﬂl%@ﬁ@)

- 6%Q 691Q

* G191 MIQ

THEORY:

A simply supported beam loaded by two-point loads can either fail in flexure mode or shear
mode. In Fig.1, the shear spans and flexure span are shown. If a beam becomes week in flexure
(imposed load exceeds the flexural capacity of the materials of the beam), it will fail in flexure
span exhibited by vertical clacks there and can be resolved by providing flexural
reinforcements either internal or external. If a beam becomes week in shear, it will fail in shear
spans exhibited by diagonal shear cracks there and can be resolved either by providing designed
vertical shear stirrups or bent up bars in the shear spans either internally or externally.
Flexural cracks on the sides of a beam start at the tension face and will extend, at most, up to
the neutral axis. In general, the cracks will be uniformly spaced along the most heavily loaded
portion of the beam, i.e., near the mid-span in sagging or over the supports in hogging. A shear
failure which is caused by the development of diagonal cracks predominates in higher
reinforced concrete beams without transverse reinforcement.

The loading pattern on the beam in Fig 1 is called the two-point loading or four-point loading.
The main advantage this loading is that, the behaviour of the beam can be studied under pure
bending as there is no shear at the central portion of the beam. The phenomenon is depicted by
the Fig. 3. The loading pattern in the loading frame is shown as in Fig.4. In order to measure
beam deformations under the load, LVDTs are fixed and to measure flexural strain, strain

gauges are too fitted as in Fig. 4.

©Q@ (Theory):

e IO Q6QIFg &6, AITIg 9RG 994 6RIT IR 6AIF SR, 697 6K 641E
a9 AR 6519 69 TR 6TRARS | G 1 69, AAIQ I, 99° 6FRIR Y LG
FAUNRR | 98 97 T 6RAYRA 65168 Qa1 6TIRAI (6RIF LIS 689 V6R F¢] 6EIRQ
AABIG 2ATGF 29QI), 69T AFN6R 692 G¢l 6FRY VLEN AF FER VG 6261 I9°
69&@ AAK6R Y 6MIF 2T AUTER F6R T AR | UG 9% J¢] AR 66168 Yan
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6QIRAN, 698 Q71062 LRI AAQ WA TAE FRAIER I° ILIq 99 A0] QULER
U2Ye 9@ 621929 TAQ §o0 @Y 694 29 QI ULLIR 87 AARIIE SIS |

J¢ A6 6FRIR T1F FGH L ANA §9 I° 699PF 9641F, QUTIR 2IFY adis
SR 291 ARIRQESS, F1FYE ¢ A0IQ 2R 6MIG 6LINYS| AUFER AR VIR TLIR
6212, 2eIG, -6 AT Fe) F°6R A6AFYERR AUERITARQ SPRG, A
SIRQIgl 528 GIgR Q9 TN AT, FIgl Y1 FAYea6a AILIR gIged anecridenq
QIF, 690169 2e RVEG TAUTS F62

Q¢ AUER 6MIG° QUG LITI TS 1 6 QUK 6986 6298 §94 6mIG° @9 c1aq4
6MIB° | 9@ 6MIG°Q QuIe YTl 6228, FEq 2°0d 62E° 2das 2UNE FAUARARS!
QG €1} QUGFER @ forward 6-82Q FIX| IE YT TC 3 69 IFAG 62RAR| MG
6PIIER 6AIT° QUITE 5 4 6 FAURR | 6AIF G67 TER F95904 AITSI AR, LVDT
2136 SRR 99° 6FYQ 697 1S AR, 648 6995 YITS FAUARR 22 T2 469

w w

v V.
A L5

Shear Span Flexure Span Shear Span

+ve

-ve
Shear Force Diagram

/ Ve \

Bending Moment Diagram

Fig. 1: BMD and SHD in a two-point loaded simply supported beam
g€ ¢: 99 9R-994 6RIQ AR QUTER aqzie 169 BMD 99° SHD
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(a) Compressive
= / - |

lacal damage
‘ \ 7
LTr‘ansmlsslon of
stress wave from impact paint

(b) . o o wave
Ij: (1 S0 3Ry ;]

Flexural cracks

Local crushing

) \
Iz SRS ]

Glabal Shear plug—]
“ ?ﬁ‘f é EE g E-W_T.E:I
“Inclined flexural-shear
cracks

[{=]

Fig. 2: Crack patterns in simply supported RC beam
8¢ 9: AR QU6 Ie12I8 RC qe6Q PIg ayies

P P
v v 2-Bmm-
ry
6 mm 2-
4| legged —W¥ 120 mm
stirrups
V.|
A I Y
2-12mm I >
P P—————————————————————— PP
120 mm
100 mm 300 mm 200 mm 300 mm 100 mm

« .
1000 mm

Fig.3. Dimension and reinforcement details of RC beam
@€ . RC Qe dRfll€l 99° A5IRD1FRE 96!

E Pressure sensor

o+

I S S

| Strain gauge

&
- 4
% L\’DT’,' -i i \ Test beam %

Fig.4. Schematic sketch of test arrangement in loading frame

T ¥. 6MIG° 6PF6R A QYSLIRN 6ARANR 69
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PROCEDURE (d&\l):
1. Sampling of Materials (QIF1g]1 SYIFIR°):

Samples of aggregates for each batch of concrete shall be of the desired grading and in an air-
dried condition. Cement samples, upon arrival at the laboratory, shall be thoroughly dry-

mixed either by hand or a suitable mixer to ensure uniformity.

g624a QUIS QIR IF6919 gER 2ILEUR 69E° QAN B YAA-BIR ASLIER Q&S
QGG Q608 MSER JL86m, ClLIq RIP6Q 8¢ A9 IR QMEIES LIR AT |

2. Proportioning (AgIS §619):

Proportions of cement, aggregates, and water should follow the concrete mix design used for
the actual work.

6514, 95699 6 Gf T AR AQAIS QLS KU IR Q6T 62Q2Ql @°09 Ag
CRIRg AgUIL 6291 QRN

3. Weighing (@& S61%):

Cement, each size of aggregate, and water shall be weighed to an accuracy of 0.1% of the
total batch weight.

A71Y QIO (D614, 9F69IF B BR) 6F1FIM QUIF BRAR 0.1% A0RC! AEE 3R FRUIL |
4. Mixing of Concrete (@°&Q 8F°):

Concrete shall be mixed in a laboratory batch mixer to avoid material loss. Each batch should
leave ~10% excess after moulding the test specimens.

R°TQq MEATA QUIQ FigQ 62 IHE QU6 FSIHR, AIEI FIGYR |IF 68R QD | 69
6996619 A6 10% RIS 2JS1 @RI

5. Mould Preparation (6€1IR€ G2IQ):

Prepare beam moulds of the required size, apply lubricant oil inside, and place the

reinforcement cage with strain gauge and cover blocks.

Q61 671IRG 2ISEUR AIRIAER FRAIR 23 FIRIA KR QUGG RERIQ BaR MAIDS |
ARREPIT6TE 607 (6]] 6917 989) Y9° F0Q 699 07 ALRER QLS|

6. Compacting (F1§161 °6R199):

Compact concrete specimens using a tamping rod or needle vibrator to avoid segregation and

ensure full compaction.

2°69196 AR SUIF° QF GF) TR ANETTQ TUSLIR 5 696569197 Gl 6RETRL

22961 11 OF f54 6291 eagial
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7. Curing (49°):
Remove the RC beam from mould after 24 hours and cure in a moist environment (90% RH
at 27°£2°C) for 28 days.
24 Q&1 969 Ge1g PAGIFQ AANINE KR, 27°+2°C SIALNS B 90% 2GS VS6R 28
ee adyg QU equde |
8. Placing in Loading Frame (6MI&° 6EPFI6Q S1q QGI<):
e Clean bearing surfaces of the beam and rollers.
« Align the specimen in the UTM such that the load is applied to the top surface.
o Attach LVDTs at correct locations and connect the data logger to strain gauges on
reinforcement and concrete.
o Load gradually until failure. Record the maximum load, deflection, and strain
readings.
o Observe and note the failure pattern.

S0 6 6N QA 6LAR° AP AP *R TG ASITS 64 6RIG S AQGCPY
QU6 IGR 1 LVDT gq 0F A8R6 mAlde 6 68.q 606 9496 @I maQ
6ISI6LIS FULR | 6R 6 6MIG SRR, 5] QUFLS! ANYS 608¢ G2
6CPRUQ TUISE B FIFRQ 6P ARG 6RSIDS |

OBSERVATION / 96468 R6!:

Length of the specimen (I) [2¢]@IQ ML (1): .......... mm
Width of the specimen (b) | @@l g (b): .......... mm
Depth of the specimen (d) | @¢&IQA QQIAGI (d): .......... mm
) Ultimate Load ) ) Type of
SI. No. Specimen Corresponding Deflection _
~ (kN) Failure
Qe Name . (mm) —
aQd)a 6mie - PG
q°6iyl Q' «1¢l dgem 96 (mm)
(kN) AN
1
2
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RESULTS / PRICPa:

Plot the graph for Load vs. Deflection response and Stress vs. Strain response.
6MIQ B IGE (deflection) Q AHG I9° GIC (stress) B §QE (strain) Q AFIAR FIC 2IRE FAG |
CONCLUSIONS / f9d:

The load deformation and stress strain curves are plotted for the two-point loaded beam. The

crack patterns are carefully monitored.
2R G959 6MIF 920 6AIT GRAYINYS! FF AR 6RIF-96 I8° 19-398 Q dier 2
AAUARR | QAR F10G GG AIUIQ QUFER FAIYE FAUIRE |

GRR (QUIZZES) Q@R

1. What is the difference between flexural failure and shear failure in RCC beams?
RCC Q¢16Q 6N 6PMRQ I9° AR 6PNAQ FIK6Q /'l SFIe ARK?
Ans: Flexural failure occurs due to bending, showing vertical cracks at mid-span, whereas

shear failure occurs with diagonal cracks near the support.
QA 6FRIAUN 6PNAQ 698° FIRU W69, QI FF-AFER AF AIRAR SR 6GQEIN;
AR 6PMRQ L6 YIFER GIAICTFIN T ARC U6S'|
2. What are the factors affecting the flexural strength of a beam?
4@ Q69 6FRYAUR 918 QU6 &I @9 gQIQ dRI?
Ans: Size of the beam, type and amount of reinforcement, and concrete strength.
QAN AR ZIFIY, ARFEFIIECILR RN IG° ARG, 98° SRS 613 |
3. Why are stirrups used in RCC beams?
RCC G669 99g f18a SUeee 997
Ans: To resist shear forces and prevent shear failure.
Qa9 399 93¢ G918 09I 98° TR 6PRAG SFIRSI AR
4. How does two-point loading help in flexural testing of beams?
O 6FRYAUN 65V6R QR-AIE 6RIG° FAQ ALY FER?
Ans: It provides a pure bending region in the center with no shear forces.

QAR 99! FAR 62919 2669 IR 68F° YT 9T K69, 69K0I6R AAR 9B AT
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5. What is the purpose of LVDT in this test?
Y2 9RIEQA LVDT Q Q6EslY §'61?
Ans: LVDT is used to measure the deflection of the beam.
QA FQ 796 (Brenge) AIAS! AR LVDT QY986 g4I
6. How is the failure mode of RCC beam identified?
RCC Q%9 6PRQQ 661G 6906 @4IIN?
Ans: By observing the crack pattern—uvertical for flexural and diagonal for shear failure.
QA YR AUITE 68Y—AT AU 6FAYAUN YS° FIACANFIN SR AAR 6FRARQ
QU6 9ol Fl6m |

T T T T R
°65llRIR 2RNFERQ
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EXPERIMENT NO: 9 / 96&1%1 4°614l: 9

AIM OF THE EXPERIMENT:

To compare the experiment and theoretical values of the horizontal thrust in a three
hinged parabolic arch and to plot the Influence Line Diagram (ILD) for the horizontal

thrust in the three hinged arch
d6AISIRN Q6w slY (Aim of the Experiment):

08-88 291 QUIUERIRSR ISR AGME, F19 (horizontal thrust) R 8 IS° F6LIG FRIQ
SR A0Q1 98° 05-2% 2Id 69 UM, S1T IR RIS 69§ 8 (ILD) e 9aSl|

APPARATUS REQUIRED:
1) 3-hinged parabolic arch

2) Scale

3) Weights and hanger

4) Thread
AT QARRNEl (Apparatus required):

1. 06-28 QUSRS 2
2. 19 Qg (63W)

3. 6@8 98° QIR

4

. 991 (629)

THEORY:

An arch is a curved beam in which horizontal movement at the support is prevented.
Hence there is a horizontal thrust induced at the support. An arch hinged at the support
and having a third hinge anywhere is called a 3-hinged arch

There are four unknowns and to solve this, it can be done by using four

equations Available, _E_j_rfl_:_o _____________________________ 1)
= ey 2

And moment at the third hinge is zero (3)

Taking YMa=0

(Fig. 1) P* X=Vp

*L

Vb=PX/L (4)
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So,Va=P-Vb=P(L-X)/L (5)

For horizontal thrust (H),

>Mc=0

(Vo™ L/2=H*h

So, H = (Vb *L)/(2h) (6)

So, H=P X / 2h (by putting Eq. (4) in Eq. (6)) (7)

where, X is the distance from left support of arch to the hanger location where load is to
be hung (Fig. 1)

P is the applied load on arch at
any X H is the horizontal thrust

at supports

Va and Vy are vertical reactions at support A
and B L is span length of arch
h is the central rise of arch

Horizontal thrust: The horizontal component of the reaction at either lower support end
is called the horizontal thrust. This can be computed by equating the bending moment at
the crown hinge C to zero

So, H=P X/ 2h (Eq. 7)
If load is at centre, X = L/2, so, H=P L / 4h

ILD: An influence line diagram is defined as a function whose value at a point represents
some structural quality as a unit load is placed at a point.

©Q@ (Theory):
2Ia 6298 9% 9% FIRQILIR A62e IR6R AGREL 916 AN | YT AegIeR Aeele
IREQ AGME, GIY QG 991 I IR 2T QR e IR 99° FrIER Go10 88 21,
6065 92Iq 667-88 2Ie QLlAN|
Ygl6Q SIRG 2RIe QU 2N, AILIG FIRT ARG I AFRIR FAUAIRAIRS:

1. YM =0 (6£1651€ AENRAE))

2. YV =0 (QgIfly ANSREl)

3. @O0 E86 6716518 g

4. YM,=0
& 9e1994Ig, 98 6T A AdR0IQ X QABI6R 2, 606S:
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e Vb=(PxX)/L

e Va=P-Vb=P(L-X)/L

e H=(VbxL)/(2h)=PX/2h
0I6Q,

¢ P=2% Q969 NS 6RIF

o X=6mlg MY e (A OIR LQC)

. L=26948

o h=2I99 F1RIF ARG (central rise)

o« H=2gm¢, 2Id (Horizontal thrust)
AT 6P ARIERQ 21N (X = L/2), 6669 H =PxL / 4h
ILD (Influence Line Diagram):
ILD 62Q& 56 99 e Q2] 69 6920 98 99e 6MIG Mg AUIL, 690 699
Fl0RIR Al F6R, QILIR INIG 6QHIAIN |

P
L/4 |
[ﬁ i

Li2 N
VI‘ 'l

L Li2 K
A

58 e: G691 £9RIYD 651NE
PROCEDURE:

* Measure the span length (L) and height of the hanger position (b) above springing line
by means of thread and scale.

* Apply some initial load to the string which passes over a pulley at right hand support

to neutralize the horizontal thrust due to self-weight which is called seating load or
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balancing load.

* Find out the balancing weight or load over the pulley with gentle tapping.

* Then apply the load through the needle hanger and find balancing load at the string
with gentle tapping.

* Then increase the load step and corresponding balancing load was found out.

* Apply a unit load at different hanger position and find the corresponding balancing load and
plot the ILD.
e Plot following curves as mentioned below:

(1) Check the parabolic arch profile that satisfies the equation of parabola:

y = LX) ®
L2

Draw both experimental curve and curve satisfying above equation

(2) Draw the ILD for horizontal thrust.
A& (Procedure):
- 951 B A1 G (69M) TN R e RE, (L) 98° QUIEFR YIFQ B 696l AdUs 286! (b) Al
ag|
- FIQ18 Qg 9908 IR Im QU6R 95! IR VP AUER ASES IR AINER 6RIG MG
@Qg, QIgl 76 6RE TN AYF 62RAIS| AGAST, S19g AFAFHE FAS! AN AGR| ILIG seating
load < balancing load @¥I<IN|
- 291 650° IR YM AU6R 2J<I AFFRE 6RIG B BRE 5EF a9g |
« U6 TEN RUIGPA FIR 6RIG MG K9G 99° JLI6R AFALRE 6RIQ TEF KAg, FAF! 65T°
gl |
QlA6Q 6MIF 98 KRS L6 AGYLIS AAGHE 6L T FULIRMI|
« 09 QUISPR YIFER IR BRR (unit load) MY KRG YL° AARJIFIFAIER AFIPRT BRe T9T a3

ILD 5gé 99g |
- FANGS AIREYCR AR [AG:
(1) QUIAUESING 2S 25T QITI FIRYS NG AR F6R S 630 ANRAE!:
4h
Y= T X (LX) mmmmmmmm oo 8)
L2
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QUEAUD AFNREG AR AQR2S| GG G J6AIFNER (experimental) 2IFE QL AFE FAG |
(2) 2AgmeL B1d QIR Influence Line Diagram (ILD) 2@ @ |

Y6986l (OBSERVATION):

Table 1: Check for the parabolic profile of Arch (Experimentally and analytically)
69'gm 1: 2SR QUIAUESIRG 6O (J6AIFNFR G AFIBIQAIER) KT 9L

63

S| || Horizontal Distance (cm) Experimental Height from Theoretical Height from
No. from left support Springing line of arch (cm) Springing line of arch (cm)
9, | SI6 gaRieq 6210GQIN || 6NN a6l (F°06 ARG | AVLIFAIEN LS (Ta6P

q°. qael (64.9.) Q) (69.91.) ARG Q) (64.91.)
1
2
3
4
5
6
7
8
9

25

20

15

£
10
o . . . . . . . . » .
X
Hexp Hih




Fig. 2: Curve for the parabolic arch profile (Experimental and Analytical)
GG 2: dIQUC]IMR EII‘{?§ 6dIPIm dR 9 (QVFIRR 99° §64,941¢)K)

Table 2: H for Varyng load at hanger 2 (Experlmentally and analytically)
69'9M 2: FIGPR 26 VAURX° 6RIG di H (2161 G Sl6191 2FIER)

. Balancing Load 9%
Sl Hanger Load Applied (kg) (kg) Hth||Hexp| Difference||Error
No. No. 6MIS FeAS! g HehlH %
.98 || LIoPRN 98 (FeRIGILN) QIEM% ] ol oo a
(@emigle) 122
1 2 1
2 2 15
3 2 2
Table 3: H for Varyng load at hanger 3 (Experlmentally and analytically)
69'9Mm 3: FIGPA 36 AURX° 6MIG aiQ H (2161 G Sl619 2FIER)
— QIR 6MIG
9.8 | eigrq gg |SMIE ORI (REMIGI) = 0 ooy | Hth [Hexp| @18 | 0668
S| No.|Hanger No. L.oad Balancing Load Hth |Hexp|Difference||%Error
Applied (kg)
(kg)
1 3 1
2 3 15
3 3 2
Table 4: H for Varyng load at hanger 4 (Experlmentally and analytically)
69'9M 4: TIGPR 46 AURX° 6RIG aiQ H (2161 G Sl61Q1 294I6Q)
S| Load Applied Balancing Load o
No. |[Hanger No. (kg) (kg) Hth||Hexp]||Difference Erroor
o || LGP Q'8 6mie deLiol QMY 6mIeG Hth|Hexp|| @<PI® a
9.68 = ~ % %'
(@6emIgeN) (@6emIGeN)
1 4 1
2 4 1.5
3 4 2
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Table 5: H for Constant load at varying hanger (Experimentally and analytically) (Determination of

ILD)

699M 5: TIPAER FFIAG 6AIG AIR H (A1VE B 616191 A6 (ILD F¢a)

.y Balancing Load

NS : H:lnger Loa%gg"%‘;ﬁg kg) (in kg) Hexp||Hth||Difference||%Error
o ' ne g QIR 6RIG Heo |[Hn| @€PIe || % 8%
9.a8| LGP 98 (@emigliel) (G‘Gﬁhlﬂlﬂ).
N 2 | [ | |
L2 2 | 2 | L | |
3 3 | 2 | [ | |
a4 | 2 | [ | |
L5 5 | 2 | L | |
L6 6 | 2 | [ | |
L7 7 | 2 | [ | |
8| 8 | 2 | L | |
Lol 9 | 2 | [ | |

14

12

10

8

L

6

4

2

0

0 10 20 30 40 5& 60 70 20 30 100

BexBoa—Hih

Fig. 3: H for Constant load at varying hanger (Experimentally and analytically)

(Determination of ILD for H)

58 3: B9 U6 Z9 AR IR H (ANVIYRF 99° §69,9416F QU6 (H AR ILD Q

ada)
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CONCLUSION:
The horizontal thrust for the 3-hinged arch was calculated for both theoretical and experimental
thrust and percentage error was computed. This error is due to instrumental, experimental and

personal errors. Then the ILD for the horizontal thrust was drawn.
Qd4° IR (Conclusion):
3-2°0¢ 2159 NIF 6T1RREIN ALY ABEATIIN B ANVE 2K IR 219 UM 98° 9EHS
25 LIS fAUIMI | IE 5 AlIe, AQIVE 99° QUTGIG 256 22N | U6Q, 6RIRREIR A
AR ILD Qe TEC AU
g% (QUIZZES) @
1. Q: Top most part of an arch is called
4G IR A6S1E QUFG 6278 QRIKIN?
A: Crown
QA Qg
2. Q: Shape of three hinged arch is always:
08 @°60 AP AIFE A9
A: Parabolic
QA AYIAUCLINS
3. Q: Internal bending moment generated in a three hinged arch is always:
08 T°0% ZIFA FRIER AYYF 62A2YS| 697° 6516614 AQ!:
A:0
2R
4. Q: Internal shear force generated in a three hinged arch is always:
08 @°G0 AP IR AYG 62X AR 6P AQU:
A: 0
Qa0
5. Q: What is the degree of indeterminacy of a fixed arch?
9 g0 25 RESTFIE 99 69667
A:3
Qa3
6. Q: What is the degree of indeterminacy of a two hinged arch?
99 §R 8°6% AT RESHRIE IR 65692
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Al

Qa1

7. Q: Floor loads are transmitted from slabs to which part in a floor girder system?
6FIQ 6RILYLG HWYOIQ 6QQ QUFG 699¢ FAUAN 6RIQ TEQ ALE6ER?

A: Floor beams

QA 6FIQ T

8. Q: For drawing ILD, what value of test load is assumed?

ILD §86 @991 i), 689 ¢IMUER QIS 6MIG AQULIN?

A: 1 unit

QR 1 99

9. Q: Maximum point of ILD always lies at the point at which load is applied. (True or False)
ILDQ 961@ &g 94! 62]&'58469 21N, 690169 6MIP Y6LUT YU | (2G4 & Felyl)
A: False

QA flal

HEHBHHH BB R R R R R

°65llRIG 2RNADRN
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EXPERIMENT NO: 10/ 9616l €°614l: 10
AIM OF THE EXPERIMENT:

To compare the experimental and theoretical displacements of the roller ends of a two hinged arch

and to draw the profile.

AN QREREY:
IR 8°6Q AT 6ANYQ ATE AUFIA JI6LITR G TRIG WaG §1U8g SRG! AR 9Q°
IR AFE KR! |

APPARATUS REQUIRED:
1. Dial Gauge
2. Scale
3. Weight and Hanger
4. Two-Hinged Arch Model

2T AN
1. QIN2IR 699
2. Qg el
3. Q% 6 LUIEPQ

4. QR 0% 2l F168R
THEORY:
An arch is a curved structure that resists vertical loads by developing horizontal thrust. A two-
hinged parabolic arch is statically determinate and is often used in bridges and roof structures.
Let the span of the arch be | and the central rise be h.
From the equation of a parabola, the vertical coordinate y at a distance x from the pinned end is
given by: , y = (4h)/ (12) * x(I - X)
Where, y= Vertical height at a point from pinned end
H= Central rise
h= central rise of arch I= length of span
w= applied load
a= Distance where load applied
aalg:
2lE 6298 I8 IRIR F0F| IT QRE, AN FLF ARSI AN AGRE, R YT A6 IR T°RE
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AUIAUESING 2IE Ia FEIS QU6 Fdadial G0l Qg 69% 6 BIQ F0RIER FILLIR g4I
AAULIR AT UID | B 69519 QOIG h 269
QUIQUEIIR R ANFRE AN, I8 FEY GG X 6R AGE y 6LR&:
600169
. y=0Q 28 0IQ 20l
e =26 62512 QOIA
. I=2ga9%4d Quig
. W= RIGIS AURX
. a=6mIg MIYAS! el (A7 A9E 0IR)

3‘;m’y dx = J- wydx
]

_ Ja rlhx{!—x

fd’hwf (lx? = x%)dx

_ 4wh [Ii_ xt

I‘* T]E

A€ V2 * V2 3B

= —_ [_ - _] (2 hinged Arch With point load at A distancew
= "3 4 of 'a’ from pinned end)

PROCEDURE:

1. First the roller end was locked and load applied on a hanger, such that no displacement
observed.

The lock was released and the load is applied at a distance from a fixed end.

Then it is observed that there is some displacement and it was noted down the tabular form.
The same process was repeated for three set up.

The actual shape of arch was plotted by measuring the shape with thread and tape

o g~ w D

Then the actual shape vs theoretical shape was plotted
d&@@I (Procedure):
1. 4265, 6AMA 2sYg MA @QUAIRZMI 99° 97 LIGPQ QIE6RQ 6MIG 6L KAULDIDmI,

Qg 2861 §YIOR 699269 6QHIRG |
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4.
5.
6.

QlU69, MG 6HRIIRIYM I9° 6RIF I8 FFIAG YF6R Y629 SR |
69, ¥al 696l 60 &R S9Ida ATR 99° 698 541999 FIgMIQ QU6
RSN MI |

69E QeIQ 950 T7F 699 2QYR dIR YRAISR SUAIRAR |

PR Y96 AIEg Y& QU6 FIARIG 629 Y8° 6590 USLIR fULIRMI|
QlU6R, 996e 2IQEYq ABCATRIN QT L6 T8¢ AUAIRMI|

OBSERVATION:
Profile of two hinged Arch/ 9@ @°@ 215 2IGE:

Actual span (cm) from
one end 66115°d
2A80IQ Qe UY1K
(32530

Theoretical span from

one end 69115"4 2Z0IQ
JRNZR |uIg (69.81.)

Rise of arch/ 2I$Q QOIE:

Actual rise of arch

2159 Q199 Q01§
69.91.)

Theoretical rise from

one end
69159 280IQ A|I8S
QuIg (62.81.)
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Displacement:

S Load Initial Final Displacement Actual displacement %
no. (k) Reading Reading In (cm) (c.m) Error
a8  oemly diode 69l Sglag (69.9.) | A9 Qg (62.9) | % &F
(Femigll dQID dQID
1)

1

2

3

Graphs to be drawn:

e Therise of two hinged arch vs. distance along the span to be drawn
e Displacement vs. load (kg) to be drawn
I 58C /ARIY:
. YR E°G0 AR @9l vs. QI8 AS6R QG
. Q9198 vs. 6MIG (FERIGIL
CALCULATION/ 9161%:

dwh la* ot
Ag= —|—=— —
2 [3 4

For varying load ‘w’ of 1 kg, 2 kg and 3 kg and a=0.405m, | =1.02 m
Displacements can be calculated to be:

As1 =0.0145m

As1 =0.0291 m

As1 =0.0437 m

QARIAS! 6AIZ ‘W’ AR 1 FEAIFIF, 2 FERIFIE] 96° 3 FEAIFF 99° a=0.405 8., | =

1.02 €1.:

S9I9e 9691 FAUAINK:
As; =0.0145 €.

As; =0.0291 €.

Asz =0.0437 €.
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CONCLUSION:

It is found from the experiment that the experimental and theoretical displacements of roller
end of a two hinged arch is calculated and the percentage error is computed. This error is due
to instrumental, experimental and personal errors. Then the actual and theoretical profile of

arch was drawn

QA °LIR (Conclusion):

JVEIQ 9gI JAISE 68Rl 64, YR 8°G2 AFTA 6ANY ALY JEAITR B 2JB6ATRIN
Sglde @19 QAU I9° JdEde 85 @419 QAR I& 25 ARIQ, VS 9Q°
RGIG 26 Q2N | 69, 2R 99° 2JB6RTRR TR 6IFIRR 586 FAUARR |

S R T T T T
°6glle 2RNAER
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