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2- Non-destructive testing of concrete

(Loading Test + solved example).

3- Shrinkage & Creep.
4- Impact + (Solved Sheet).

5-Fatigue + (Solved Sheet).
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- The assumption of calculating such maximum stress are:

1- The weights of the member and flange are neglected.
2- The stresses remains in the elastic range.
3- No energy losses during impact.
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Axial Impact {Tension) Bending Impact
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Static stress(Gy) —_i MI'-‘L
Static deformation L, P1?
(O51) EA, 42E]
o (AL o (ALs) (I
Eneey (0) 2E 6E [ Aﬁzr'l]
h |
For impact 1+\/1+[2
P h&-t .
For sudden
]E]Eti'it load h=0 Impact factor=2 Gg= 20y
For
gradually [ Impact factor=1
appliedload
Dynamic stress(Gg) Gg= Oy X Impact factor
Dwnamic deformation - -
(Ba) 04 = 0y X Impact factor

Dwnamic stram (Eg)
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rectangular
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« Why test specimen is notched:
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Charpy test

Izod test
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[Solved Sheet (Impact test)]

(1) A 50 kg weight slides without friction down a - .
steel rod that has a cross sectional — area of
1.5 cm?, as shown in a figure. Determine the ~ W =50kg | 10cm
maximum stress, the maximum strain, and h
impact factor when: | Y
a)h=0 b) h =30 cm c)h=60cm  (Estee = 21000 kg/mm?)

W =50 kg L =100 mm A =15cm?=150 mm? E = 21000 kg/mm?

W 50
Cst = = = 0.33 kg/mm?
A 150
W L 50 x 100
Ost = = =0.0016 mm

EA 150 x 21000

a) h=0 (sudden load)

Impact factor = 2

G4 = Osx X Impact factor = 0.66 kg/mm?

__® _ 086 . o
=" FE T 1000 "X
a) h=30cm
2h 2 x 300
Impact factor= 1+ |/ 1+ =1+|/1+ ———— =613
Ost 0.0016

G4 = Osx X Impact factor = 0.33 x 613 = 202.3 kg/mm?

o 202.3
€= = =9.6x 103
E 21000
a) h=60cm
2h 2 x 600
Impact factor= 1+ |/ 1+ = 1+|/1+ — =867
Ost 0.0016

G4 = O X Impact factor = 0.33 x 867 = 286.1 kg/mm?

c 286.1
g= = =0.014 \




(2) A weight of 100 N falls freely through ¥2 m and then impacts axially on the
end of a bar of 18 mm diameter and 1.5 m length. Find the maximum stress
and strain induced in the bar. E =208 GN/m?

W =0.1 KN L=15m h=05m E =208 x 10° KN/m?
A = (n/4) (0.018) = 2.5 x 10 m?

w 0.1
Gt = = = 400 KN/m?
A 2.5x10*
W L 0.1x15
Ost = = =29x10%m
EA 208 x 10% x 2.5 x 10*
2h 2x0.5
Impact factor= 1+ |/ 1+ =1+|/1+ —— =588
Ost 2.9x10°

G4 = O X Impact factor = 400 x 588 = 235200 KN/m?

¢ 235200
€= = =1.13x 103
E 208 x 10°




(3) Show that with elastic conditions a simply supported rectangular beam,
when loaded with an energy load concentrated at the middle of the span
has an efficiency of only 11.1% as compared with similar volume subjected
to a tensile axial load. If the beam has a circular section instead of a
rectangular one, what is the efficiency as compared with direct stress

application?
62 (AL)
UTension = -
2E
6?2 (AL) I
U Bending = X
6 E AY?
Usending 02 (AL) | 2E |
= X X =
U-ension 6 E A Y? 02 (AL) 3 AY?
Rectangular section
UBending | bh3x4 1
= = = = 1110/0
Uension 3A Y2 12 x 3 x bh x h2 9
Circular section
Usending I nD*x4 x4 1
= = = = 833 %

U-ension 3A Y2 64X3 X D2 X D2 12




(4) A simply supported steel beam was subjected to impact load at the mid span.
What is the elastic impact energy, if the cross-section of the beam was 20x20
mm; the span of the beam = 90 cm, yield stress = 20 kg/mm? and the modulus
of elasticity = 20000 kg/mm?.

What is the value of this energy if the cross section was circular with
diameter of 15.9 mm?
What is the impact energy if the loading was impact tension?

A=20x20=400 mm? L=90cm=900mm o =20kg/mm? E =20000 kg/mm?

62 (AL) I
= X
6 E AY?
(20)2 (400 x 900) 1
U= X =400 kg/mm?
6 x 20000 3

For circular cross-section A = (n/4) (15.9)% = 199 mm?

(20)? (199 x 900) 1
U= X = 149 kg/mm?
6 x 20000 4
For impact tension
o2 (AL)
- 2E
(20)? (400 x 900)
U= = 3600 kg/mm?

2 x 20000
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Types of fatigue loading:

Axial load i Bending Torsion
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1- Repeated stress :  6,= S

2- Mean stress : Om =

3- Range of stresses R = O pax - O min

 Modified Goodman diagram:

r

Soderberg & #&l (Slull Joadll jieg e o
«5‘:"““4:‘5‘ Saliall s e 8 Goodman s c.
Fatigue Design Triangle JoSI




High. Tech. Institute S Material I11
10" of Ramadan City = *;,-’ % - Sheet No; (4)
Civil Engineering. ‘”‘%,,?:“f;,.j Fatigue Test

Dilina; (e pSlatt

1- A survey of the stresses at the critical points of machine member was
carried out and the value of the maximum and minimum stresses at points
A, B, C were as follows:

A B C
Omax, Kg/mm? +12 +8 +4
Omin, Kg/mm? -8 Z€ero -2

If the properties of the steel member were as follows: Tensile strength = 40
kg/mm?, yield strength = 24 kg/mm?, and endurance limit = 20 kg/mm?. Using
soderberg rule show whether this member is safe or not if the factor of safety = 2
for static load and = 3 for fatigue loading.

2- A part of machine is subjected to repeated load of mean stress equals to
1260 kg/cm?. Find the max. and min. stresses using Gerber’s, Goodman’s and
Soderberg’s rules. The tensile strength of the material is 4200 kg/cm?, yield
strength is 3360 kg/cm? and the fatigue limit is 2100 kg/cm?.

3- A part of machine is subjected to repeated load change from +3 to +1
tons. Find the cross section area of this part using Goodman rule. The factor
of safety = 2, the tensile strength of the material = 40 kg/mm?, yield
strength = 24 kg/mm? and the fatigue limit = 18 kg/mm?. Find also the
cross section area of the part using Soderberg’ rule.

4- The number of cycles to failure from the S-N curve for a certain steel are:

Stress, MN/m? Number of cycles to failure, cycles

350 2 000 000
380 500 000
410 125 000

If a component manufactured from this steel is subjected to 600 000 cycles
at the stress 350 MN/m? and 150 000 cycles at the stress 380 MN/m?. How
many cycles can the component withstand at 410 MN/m? before fatigue
failure occurs. Assuming that Miner’s cumulative damage theory applies.




[[Solved Sheet (Fatigue)]]

(1) A survey of the stresses at the critical points of machine member was carried
out and the value of the max. and min. stresses at points A, B, C were as

follows:
A B C
O max, kg/mm2 +12 +8 +4
Gmin, kKg/mm? -8 Zero -2

If the properties of the steel member were as follows:

Tensile strength = 40 kg/mm?, yield strength = 24 kg/mm?, and endurance
limit = 20 kg/mm?. Show whether this member is safe or not if the factor of
safety = 2 for static load and = 3 for fatigue loading

ou =40 Gy =24 6.=20 F.S.=2(Static) F.S.= 3 (Dynamic)
'_Gu _40 20 '_GV _24 — 12 ' O¢c _20 6.7
Gu - 2 - 2 Gy - 2 - 2 - Ge - 2 - 3 .
A B C
Smax 12 8 4
Smin '8 O '2
Smax + Smin
Sm= 2 4 1
2
Smax = Smin
Sa= 10 4 3
2
Unsafe Safe Safe
Sa 20 -

18 ~
16 A
14 ~
12
10 A

o N b~ O
1 1 1 1




(2) Plot the Goodman diagram for steel having a fatigue limit of 320 MN/m? and
a tensile strength of 740 MN/m?. Predict, using the diagram, whether the
following stress amplitudes are likely to lead to fatigue failure:

(a) 100 MN/m? at mean stress of 200 MN/m?
(b) 150 MN/m? at mean stress of 400 MN/m?

Su=740 Se =320
A B
Sm 200 400
Sa 100 150
Safe Safe (Critical)
Sa 800 -
700 -
600 -
500 -
400 -
Se
300 1
200 -
100 Ae
Su
0 T T T T T T T - 1
0 100 200 300 400 500 600 700 800



(3) The number of cycles to failure from S-N curve for certain steel is:

Stress, MN/m? | Number of cycles to failure, Cycles
350 2,000,000
380 500,000
410 125,000

If a component manufactured for this steel is subjected to 600,000 cycles at
the stress 350 MN/m? and 150,000 cycles at the stress 380 MN/m?. How
many cycles can the component is expected to withstand at 410 MN/m?
before fatigue failure occurs, assuming that Miner's commulative damage

theory applies?

S (MN/m?) n N
350 600,000 2,000,000
380 150,000 500,000
410 X 125,000

Using Miner's commulative damage theory

2N

I‘l1+n2+n,.

N1 N2 N,

=1

600.000

150.000 X
+ +
2,000,000

500,000 125,000

X =50,000 cycle



(4) A part of machine is subjected to repeated load of mean stress equals to 126
MPa. Find the maximum and minimum stresses using Goodman's,
Soderberg's and Gerber's rules. The tensile strength of the material is 420
MPa, yield strength is 336 MPa and the fatigue limit is 210 MPa.

u =420 MPa Sy =336 MPa e = 210 MPa m = 126 MPa

(1) Goodman's rule Sa Sm

+ =1
Se Su

Sa 1% S, = 147 MPa

210 420

Smax + Smin
Sm = 126 = 2 Smax + Smin = 252

S.=147 = Smax - Smin Smax — Smin = 294

Smax = 273 MP& Smin = — 21 MPa

(11) Soderberg's rule Sa Sm

+ =1
Se Sy

S + 126 =1 Sa=131.25 MPa

210 336

Smax + Smin
Sm = 126 = 2 Smax + Smin = 252

Sm = Smin o
S, = 131.25 = —— Simax — Smin = 262.5

=1

(111) Gerber's rule Sa Sm )
Se Su

2
12
> + 6 1 S,=191.1 MPa
210 420

Smax + Smin
Sm = 126 = 2 Smax + Smin = 252

Sa=191.1= Smax -~ Smin Smax - Smin =382.2
2

Smax = 3171 MPa Smin =— 651 MPa

¢



