J00o0o000oO00oDO0oO0ooooDooOo
00000 Nagoya University 2010

1. BEYIIERAYT AR E

UR-2/189

VPNS & e L AN
BifE, B 7o ;%ffﬁfz Fsh, bhb
NOETED H Bh K2 CNET

REM R TABED L LT, BB %,
N Vi &A@&#ﬁf%ﬂi¢
@;9&% @i*%L% [
Mk 72 7 BE LT E T
ZNTE, OIDICHEEMICIER T2 ) ico
b\Tﬁ%ﬁi’C%i Lk
I, R EBIicETET

W o EH R b 2 o
&%% B, MR ER SRR L
4

E7, M R OB i,Eﬁ?%@%é%
FIERKIE, & xcit MmN~ EaER LE

_ 27—

Today, we will begin our study of
structural mechanics.

At present, a wide variety of «civil
structures have been constructed, which
support social activities.

Typical civil structures include roads,
bridges, tunnels, and dams.

Many types of external forces are
continuously acting on civil structures.
Therefore, let us consider the forces that
act on these structures.

Here, we will take bridges as an example.
Bridge superstructures must withstand
forces such as wind pressure and snow
load, as well as the forces induced by cars
and trains.

Bridge substructures must bear the
weight of the superstructure, earth
pressure, hydraulic pressure, seismic
forces, and so on.

An external force that acts on a structure

1s called load.
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Loads can be classified as live load and
dead load.

The live load changes over time, for
example, vehicle load and rail load.

The dead load is constant, for example,
the weight of the structure itself.

Loads can be classified as uniformly
distributed loads that are applied within
such as the

a certain definite range,

weight of the superstructure, and
concentrated loads that are applied to one
point, such as car load.

These various types of loads act on civil
structures.

Civil structures are designed to endure
various loads while still providing a useful
function.

Therefore, structures must be designed to
have proof strength that is greater than
the applied load.

In other words, it is critical to recognize
how much force 1is generated in a
structure.

Then, when external loads are applied to
structure, we must recognize what kinds
of forces, as well as what types of
deformations are generated in the
structure.

Today, I will address these two points.

T EE W TED LU WD) static load
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Firstly, let us consider forces that are
generated in structures, especially in

members when loads are applied.

Here, we will consider the case where the
tensile force W is applied to a pole with
a uniform cross section, as shown in Fig.
a,

The applied forces are balanced, with
equal magnitude being applied to the top
and bottom of the pole.

Here, let us cut this pole virtually at an
arbitrary cross section X to determine
what types of forces are generated in this
member.

We can treat the cut material as upper

and lower sections.

Such bodies taken virtually from a

structure are called free bodies.

We regard the forces applied to the free
body as balanced.

In other words, we can consider that

certain forces act on the entire section.
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These forces are called section forces.

As shown in Fig. b, the section force P,
which is balanced against the external
force, is generated over the entire section.
In other words, P and W are equal

because of the equilibrium of forces.

On the one hand, this section force P 1is
designated as an internal force because it
is generated inside the pole.

On the other hand, the tensile force W 1is
designated as an external force because it
is applied from outside.

Because we can take a free body from the
must be

pole arbitrarily, the forces

balanced regardless of shape.

For example, if we were to cut the pole
into four sections, as shown in Fig. c, the

forces would be balanced in each pole.

Secondly, let us take note of the cutting
surface.
The internal force P applied to the

cutting surface is distributed uniformly.

If this pole is composed of a deformable
that the

internal force applied to each minute

material, we can consider

fraction is uniform when each section

deforms uniformly.

Thus, the internal force acting on the
cross section X per unit area can be
obtained by dividing the internal force
acting on the entire section by the
cross-sectional area.

This force acting on the unit area is called
stress, which is denoted by o .
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21, - o1 o %jﬁ)%éf Hyr P 21 We can express this relationship using the
, A following mathematical formulas: o= P/A
< Aa—n v— F—nR— x—] and 0= W/A (¢ equals P over 4 and
- a=%[“/7’\7 S Ty o equals Wover A).
A e Sl P = S

22, DXz, WA BEMIcKES %, 22, Thus, the effects of an external force on a

%05‘5 ” j( x5 “?‘“M%L ot Lﬁﬁ{ ” j( . member should be evaluated considering
s not the absolute value of the external force
f@xﬂ M3 <, *BM D ﬁﬂ T F él =0 or the cross-sectional area, but rather the
é L% jj@j(é% X ﬁ‘iﬁb%ﬁrﬁ jj“C“tEf*‘foC magnitude of force per unit area of the
TIHARD EHA. member.
23, J&H @Eﬁﬂ 11, W p @ﬁﬂ% N[==—} 23 If the force P is expressed in newtons
] [isf?%%%@ﬁ A% [¥7§7‘ oy [N] and the cross-sectional area A4 is
v, WriaiRE o BT m” [ — K
) R expressed in square meters [m?], the unit
ToL, N/mil=a—by A= FiA— of stress is newtons per square meter
IS A% YAVAN .
24, BN OEMEE LT 1IN/ m?=1Pal-s2H 1] 24. Stress can also be expressed in pascals
pagL R [Pal, which is defined according to the
DGR SLH £ . _ o )
ollowing relation: 1 N/m~ =1 Pa.

95. 7~ WO WA A% mm [P 3 U A— 25 Furthermore, if the cross-sectional area
FALET 2L 1N/ mmd=1MPal X # /S 2 % A is given in square millimeters [mm?],
I/]@%%{%ﬁﬁfi . L%iﬁ‘ the following relation can be used to
J R \ . .

o - convert the stress into megapascals
[MPal: 1 N/mm® =1 MPa.
26. FLwEd L, %LB}H y*jj 2 VE% L7t ;_j”n’ 9¢. In conclusion, when external force is
UET T £ e applied to a member, section force is
D T, # TS A S .
%} %jj JE L :B:HP&JDB ! e generated, which is balanced against the
BRI b 2 Wi Ha A U external force.

27. Xz, # @%ﬁfﬁ)% ST [})’T ”@i,ﬂ 97. Then, stress is generated in the cross
:TL Y §j< WA B L - section in accordance with the section
I\\ B} : : .

“ + force.
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BH:&E A EE (Related terminology)

-

HAM(CHFH 5SS  structural member

_ 35_



J00o0o000oO00oDO0oO0ooooDooOo
00000 Nagoya University 2010

CHAAEEY (131 HIHE D 5D)  framed structure
SEEAEED (OO AZHED SD) planar structure
NLARHEER (D 572\ 2HE 9 5 D) s space structure
& (D A ZHFH 5 D) surface structure

HARSEfRER
X1 réﬂﬁj -
FEEm S A T 5 S £ S E MmO B oz Lo,

X2 i@, X4 T
%%F%Jm\%®%%k%%5:&é%ifwiﬁo%:#5\:@%@%&m\%é-koeﬁé
ESUCTEY LD DT L DB, LV D kD ICHkS R L L, W) (360> 2 o0 = &, TGl
HE) 5> ToRMEBRLT5 L TF, ) o< SHziE T, 1. Sy, delr, Wil Sir. W
B BRERHY ET,

Sh (AR -]
X2 =%
WwhH L9 B A
f*%ﬁjki HAIRFEC &9 72, kw5%% S
=E
B

nwn N P AR )

i . 23T, 2Oz LiconTi, Bk

[Eeell

T RSB LD,

%&”2 FUFE?%“J
A2 yHITA / =] PPN
%%Fﬁj®%&®% Mﬁ%t%bt %%@% TDIZ LT, ﬁmﬁ%w%me\kwﬁﬁ%ﬁ

FU iz T A 7 LA

b ET. Bl 2 1. B R RE O R C B — DL 2B H D D LD . R (terminal) L
ét;bﬁ x bok

%@iﬂi# it\m@wwmbwi&m%¢W%%_Lhtmifﬁofwé&mkwo_kﬂ

SNHEATZ A e U SRt ]

. rﬁ‘ﬁﬂﬁﬁ&ﬁﬁj }:ﬂ‘?ttlifbiﬁ‘o S5z, MR EWVWISELHY 9, N RN 22 T
W5%%T¢o
RA VolEY Y &<

2 T5lsk7A]

eXe 4] L5 L [

TB18E) 1. B3 (8lo8E5 ) AAFIChoT-boOTT, (8lo8E5] Lt BlXDIFLTE-F CIoiE
5HZ LT,

il . T amd oD L fhOET

%&VS F’)Ué‘o’CJ
89025 LD, H_RTWBI O B BE L BLo ke
NG R

[Y[T.—

ThDH. NTUABRA TN,

[

AA (/= /v:‘;;

X4 [FEEOD]
fﬁ%@Jkw5®i\F§m_ﬁhtjkw9%%f¢

:f /u&)/u

AR 1529 x5 1E5 29

r
;4

_ 36—



J00o0o000oO00oDO0oO0ooooDooOo
00000 Nagoya University 2010

Ol ERATON 1529

F9. W) 1 ACED H ) - 7= i

Xa riR@sic)

B T R, TR, AR T “ﬁ@%mébﬁ\w@@\%u~&¢ékjamo;
5REkNH 0 EF, (AR 1. K i Sret, MR AR 2 e, (e, K.
(4. i) 72200 £,

X7 [BthTua)
b Cxrof >3
ME7-H 2] LiE, ZORERHENTWNS LW Z L TT,

X8 [Fhbbl c N
MF7abbl 1, MOL%E 5T, BOSWHTHRAT S & X cHEnET,

é\ﬁ%@r\%%ﬂlk%@@aabwﬁwﬁ FhbbEIKIT. Ko & %5 %o
THh D,

j’c” 8 F?ﬁfob\o)J
S 70) 1 T2 W By &) BT,

X100 TRIZFT

)2 1E, B0 T oL 8 LT b B £ 5 I T TRl Fic® L b o T, BRI,
WakR, fa, B, 77T RETT,

T OBk DI, HESLTHES, Hod hAbES, L1005 K5 KT,
W%J%%5%£iflmxﬂm\%m\%m\ﬁ%\%%\%%\%@Jﬁfffo

SA L&50HA
X1 T&EHEEY]

I BB ISR B T i B A - EBBOTETT,
RINGY ¥ ¥/l %“f%émi K1~ 305 M aik-d 5T,

%n r&uiorué-a:a9$¢J

TRV ST 1B e G RN - ST, ZORECHB - EMTES, T 5. L5 BT,

X112 TemEhTOET ) *
ERE. 4505505 2 LT, TH A EMRERTHET ] BZTET. [WH LA bRTH
9] Lo ZETT,

ALY &<

'§2“12 [R50, jusrawu

1E2 AN M < k2 NP § i)
TNSH D XSz ﬁﬂ@%%@@aé%ﬁWgmmﬁikmaek%ofgﬁéfnfn
B TELA LIy TSR 1 . TSl

WolE ) LAY E 3]

—J51 1. ﬁﬁ@o%@ﬁﬁ@ L T9, ih\%mﬁ#%ﬁék kwb %%%Di#

_ 37—



J00o0o000oO00oDO0oO0ooooDooOo
00000 Nagoya University 2010

X5 T~2H0T)
eSS C 2 5o R D EInNE ‘ - JL:‘LJf
fiob\TJ 1% F(%Fﬁ H%‘-F'Eﬁ 578 - tH ﬁ £) Tl &WHEWRTT,

Ty A< [NREP]

B %L%%wm@up’xwf\% DI & N = L AL,

[ = S V-

= ’—uﬁéﬁk XAL'/D E'ztK

BTN 3]

%w TH A

S

PR LA R e X I b Lo T,
O [ BYH 5 o R ([ B e i oot &1 72 B )

(f/ LELEWwhrs FABL

HEERP B (R E Db L7 D)

@& BB (BB TTETVBHED -
D@D L3I CTHEL oz oM Bl - T T s DR B AR @D L. ZOM AT TTRT

ia‘ib

VWBE R THRARBIET,

%m [effiEd %)

A L5 How

MEET %) 1, £ 2 E2HA LT ETIcz 5 2 L kb TilED 5 = & T,

Ah {a /v_lﬁ&)/vt"zz »

X19 THAEELSRY]
7= AWy e
THALL &

i\Wzm 77Ai$é®$u }~%wi§§@$Q ;ﬁgiﬁﬁmgﬁfﬁ b
=%, Iz ®Au10077Aét@200MT¢JOMQM\F%éﬁufi %éﬁu_ow

P

T LV H %f%w%hi#o::fm[%6miotﬁ&fmjkwo_&f¢o

X19  THEECRT ] |
TR WA % ) 5 7= s T X B W O O = L T, TR 1, o ie+so o, T
511 1+) T H—x—Jirwﬁ%%Je@ﬁniﬁo
oS EIL oMy T,
+ ELE B Az T
-l I Fza TR
X . B Hfé %2 0% Tik)
. EoH Flpn BT Ty

X19 TROHLAET

F%waui NELAS. FET5] LV I BRTTHR, Z0XT kdohs) E Bxnfinh
HEWIE %TT

Bl cofEoME R RS, (=ZolBEoEz 2 LT EEN,)

5

20 FEE%"J
[ J @

. %5 m® LEST I bOETRE L NOET, Mic b Bz, +— X <7
77\/ <é'
<‘:0)nﬂ77\ a5 7?

ﬁt%ﬁ@%@#%wi#

%20 Fanz,
DA BHLT 7= L& HoHb 9 AT
I I e R T

\\\ =

.a—«

_ 38_



J00o0o000oO00oDO0oO0ooooDooOo
00000 Nagoya University 2010

%21 THE)

. . SRR Th MR R E T O L WO E T

X22 T~cRETEE) *

fﬁ&?Ji%@%iT I%f%ékwﬁ ik, (WA RIFS ) 13, 20 B BomEso s

5Kifﬁfé&m5 2780 £,
ZWE 9

r Zf,fi,nj D r-?,J S - (shadow)\ Féﬁéﬁj ﬁ%ﬁ,ﬁ%(resonance, echo) T, /‘?i i%@%@@ﬁﬁf)@b T
ﬁ) 3
5L, @‘3 i%’i C/‘\b’é‘ftﬂéé <E75)6 3@5%@0)L7ﬁ_\_3:f)§?6k 7320’( ﬂﬁ@fb@ ’TﬂSZP
B L
HHZ LT, r&ﬂfﬁ—w %E.BJ E %ﬂ rﬁ; ’i.BJ %%ﬁﬂ F& ESC IR ﬂk ﬁfﬁ ﬁ—%) f$ﬂ/ ﬁfﬁ (noun clause)
nizh
D TT,

X6 THEEDHD |
()] LSO, HAEBIELO LD o) SR Lo, D DT 2 A RBICAY
Yy y o

RPENT B LT, WXORGIE (22 OEASHDLORBHY T, £, WLEEK
SHHZ L, MXEELDHD) LVOET,

%26 TRCTy
B w
meTJﬁ:Cﬂif%ﬂ_Abﬁf Fhic %oTkaé %TT

_ 30_



J00o0o000oO00oDO0oO0ooooDooOo
00000 Nagoya University 2010

3. BEWMICELSA(2)

xxE el Le s s, Hirblod v i
L T,

ZRTIRKIE, K@D & 5 7ok Rl 1 bk
LTl L Bl Ic >\ T % 2 Ta
FLIXD.

M) D & 5 2 HEBKIZB T 5 0o Y
BT D T o TV IIEAR Y E AL
Fhbb, WHEDEP 58 LETL,

P=w[t— Aza—n &°7°U:L]75§15t§i@\7j:
STWRITNIERD 8.

SOk, GiEs BT s A
bémﬁ%%mﬁ%%zékg f%%
72 GIWT (2 A 7 1 b AT e ncﬁ%
/\ﬁpr“C%Ziﬁ‘

QD & 51, iV T 72 B 1 73 D1y
e N o

o

H v < hE
N, Iﬁ&& %S, HhAS L A% 0
L LET.
Bk b 1 Hr< TWnHEA

HOS0ENEY, B E #7258 Tl
N=Pcosf[=X A a— vE— atA

A A AN AS

_ 40—

As discussed previously, a free body can
be carved out freely.
Thus, let us consider a free body cut

diagonally from a pole, as shown in Fig. a.

Equilibrium of forces must be satisfied in
the free body, as shown in Fig. b.

That is, for the internal force P, it holds
true that P equals w.

Therefore, the section force and stress
generated in the oblique section can be
resolved into vertical and parallel
components, relative to the cut surface.
As shown in Fig. c, the vertical component
of the section force is N, the parallel
component is S, and the angle between
the member axis and N is 6.

From the equilibrium of forces, it follows
that the vertical component of the section
force is given by the following relation: N

= P cos® (N equals Ptimes cosine 6).



10.

11.

12.

13.

14.

15.

16.

17.

ki, W A2 1S = Paind 1=
2 AT—k E— A — 2
HET

SOEsRBEANES IR S,

[V UN S

ﬁhwﬁkﬁihfwiﬁ
mb\f Lﬁﬁ 7 Léﬁ.?jj a)b\f%x?
FHELEI.

B0 xr< oA 1 NP N

s T OWT S I E
BT T E 2 =

&

Eh it E

Btz Bz GIbE U W oo B B 4, &
ATV R L C L DI L7 e o W o
Wi 4 Ol 2 2 £
END V. MA T

LT,

BADATS | BB p
=R A E T L BT R o B iR
A

A, = [t—DYy 22— =— F

cos 0
—S— a3 =SB ET
B0 r< Zh i Lx9 f/y)/ 9 x< EhoiEE L xr
ISARE T e Y % [k STRE]S
ForTELRET

A En ¢;< » B0 <

TFnb, @i @@m TD s 1o 1%

a=g{v¢v fa— TR e

1
T R ET
AN T )

P
c=—cos*0 [+
A

7y~ A=a—) BE— F—N—

ahfr=Uamo— NG LR ET

T —

TR, T AT R DTG ) 1
=§4&¢ Sael xR i

1

EN PR Y et

*7,

10.

11.

12.

13.

14.

15.

16.

17.

_ 41—

J00o0o000oO00oDO0oO0ooooDooOo
00000 Nagoya University 2010

Similarly, the parallel component is given
as follows: S = P sinf (S equals P
times sine 6).

The section forces N and S are called
axial force and shear force, respectively.
Next, let us consider the stress generated
on the cross section.

Stress can also be resolved into vertical
and parallel components, relative to the
cut surface.

Firstly, we consider the relation between
cross-sectional area 4, which is cut
diagonally and cross-sectional area A4
which i1s cut perpendicular to the
direction of the applied load.
By wusing trigonometric functions to

express the relationship  between

cross-sectional areas, we obtain the

following: 4, = A/cosf (4, equals A4
over cosf).

We can obtain calculate stress by dividing
the section force acting on the cross
section by the cross-sectional area.

Thus, the vertical component of stress o
is given by the following equation:
0=N/A4, (0 equals N over 4).

relation between the
find that

By using the

cross-sectional areas, we

a=£cos26 (6 equals P over A4

times cos@ squared).

We can also obtain the parallel

component of stress t as follows:

r=%(r equals S over 4,); thus, the
1

component of stress 7 can be given as
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r=§sinﬁcos8 (7 equals P over 4

—NR—= T— Y= aYAfv times sinf times cos0).
—Z2& 0 ET.
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In structures, many types of stress are
generated depending on both the
direction and location of the applied load.
For example, if an external compressive
force is applied to a pole, as shown in Fig.

a, stress o, is generated in the member.

This stress is called compressive stress.

When tensile force is applied, as shown in

Fig. b, stress o, is generated in the

member.

This stress 1s called tensile stress.

In general, the sign of tensile stress o, 1is
defined as ©positive and that of
compressive stress o, is defined as
negative.

Next, if we apply the load such that the
upper and lower plates are out of
alignment, the stress in section ab is

generated along the arrows shown in the
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figure, which differs from nominal stress.

8. Stress t that is generated by loading

when the member slides i1s called shear

stress.

9. Next, if a load is applied to a slender beam

as shown in Fig. d, deflection occurs.

10. In section ab, deflection causes tensile
stress in the section containing point a, as
well as compressive stress in the section
containing point b.

11. Such stress o is called bending stress.

12. If a load is applied to a beam as shown in
Fig. d, shear stress is also generated at
the same time inside the member.

13. In other words, each stress shown in this
figure is generated at the same time in

the structure.
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Next, let us consider the deformation of a
member when load is applied.

Here, we will learn about a new type of
strain.
Specifically, we will consider a pole
having a uniform cross-sectional shape
along its entire length.

When tensile force is applied to the pole,
the pole is stretched as shown in Fig. b.
Conversely, when compressive force is
applied to the pole, it is shortened as
shown in Fig. c.

Strain is a quantitative measure of the
deformation that occurs in a structure.
Here, the length of the pole before loading
is denoted by L.

The change in the length of the pole after
loading is denoted by AL .

Thus, the length of the pole after loading
is given by the sum of L and A4L.

In this case, strain is given by dividing the

number which can be got to subtract the
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length after loading to that before loading
by the length before loading.

That is, strain is defined as the number
given by dividing variation in length by

the length before loading.

Strain is denoted by ¢; thus, we can
loading minus the length before loading)
by the length before loading.express
strain using the following mathematical

formula: ¢ =ATL(6 equals AL over L).

In this way, the amount of deformation
can be expressed as a dimensionless
value, and it become possible to describe
deformation in a consistent manner,
based on the load and the cross-sectional
area.

In this example, strain from stretching
and shrinkage of the member is called
normal strain and longitudinal strain,
respectively.

In addition, strain generated by stretching
strain

called

is called tensile strain, and

generated by compression is
compressive strain.

Considering strain, it is essential to pay
care attention to sign.

In the field of steel construction, on the
one hand, tensile strain is defined as
positive and compressive stress is defined
as negative.

In the field of concrete construction, on
the other hand, tensile strain is defined as
negative and compressive stress is defined
as positive.

Consequently, we must carefully note the
it differs

definition of sign, because

depending on the field of construction.



J00o0o000oO00oDO0oO0ooooDooOo
00000 Nagoya University 2010

F—"J—F (Keywords)

KT OTH R CEOTHR TR BIROTAR EROTA

EE L L

hj/Cv 2 r%ﬁ =121
Hb b= b B e N iy
(H7-12) 1. TH LS ERUTTNR, LS To4,

X2 T0FH] Q
[OF) L. ZOMERATROR E CIE2L . B RPBRATNS T L. BBWE., 20
A AVAY: S B

Cx ).Zé
He O Z

jfz Mz>uLvTy

TK<W\TJ6i\%%L % FDTZ L &wﬁbl%fﬁ‘
PO Z 9 X ) / Ty

B . = ﬁ&f ®£2kowf%zi¢c

= F?ﬁ;z TXi’DE$

Ah E N
X2 [ZFUFET]
ERAS -2 A ? OrIFA B b A
[R5 EWVWHIDIE, IR TDHEVNIBEHRODDLNT-WEH T, ZRZT5L0H 2 LT,

Xa TEUEF. X5 EaEd). X4 [EoEs
” AT b X5 L 2 L » B
I~ 0B | DR R T~k T, MBI (~2 0T © ~%ins) o, MiokEs)

FYAAS U SERE L NE OIS o
il .« FeITAED S TIET, C T AR, . A= 1Y

X6 [EBMIZET) i c -
j 2] L. BHOEMIC OV CHIEA - CE T LT, (£ 1. £ 2AarsEichL

PR
€ = 1
Lo
-
N

‘/C/\‘a— &"C‘\‘a—o
%o riéd w
el Lk, HAEMICHONT, 29755 LR LRT ST S L0 T,
%7 TCCT~%~ELET)
F:@%%@/::? \~%~&&%Liﬁjkm5%% >,
Bl - - CclER v ZrrLET,
N < i A

¥s TzLT)
E¥d 2] Pl ekl E5) D #H o2 L e
ANZRR72Z & &2 T, ZRICHW TR I D Z &2k~ 5 & Tt (2L T) 2nET,

nn ELxhh

Bl MBS Tot, 21T, BHEELE, LiL, TOBERESHE RhoT-,

_ 50—



J00o0o000oO00oDO0oO0ooooDooOo
00000 Nagoya University 2010

S A NS EL A ,:”
X10 T[frEsfRrE ]

3‘“‘\_’2,‘_ 7_);_&@5 P E_E%h'}éh‘\_{z_'\_‘/‘; iinm) » i AW 1’_{+
(i) 1T (frEAZ#EED) <. (i Witk X, MrEZEE-%] Evwo 2T, ik {af
EJ e
mil T,

%10 8|y
8141 1 T— (A F2)] TF,
7= o o)
T+ 0% Tt/ 7o), Ix) 1% THgs), T+ 1% M85 T,

X0 Tz&oTy | -
M- i, o, TS 26T LSBT, (~ckoT) K, T, #F
FhrErELET

Bl REc Lo TR LTS,
o Tl N KE
X1 rEZ)

F:KEL%J iideflnltlonfﬁ_ 3@5%# %%ﬁ%@%&% :Y 'ﬁ%;ﬁu%h’)b‘f\ /\@@%}%ﬁa‘%’:%é?‘:
Wiz, ERICIET 2 = & T

X138 TEHE]
ES TN T
i =¥/ Z90 x NS
Bl 0 ZORNIFENCT I EEE L TR INT,

X13 T

EHELOLDE - DOELED BB LOITHZ % ) LVnET, ) L,
ERTOBHTTHEZ LT,

il Hak T 5.

S A K20

13 THlgEl
»n o9 F AT
RREIITX 52 L. KNI R AR Tﬁ‘

nwn S DS AR

il « o TR o 7= = & B OBIFEIC & > T AT Ao 7,
ARh =T
X14 Tt

Z 7z 3529 RAIE 1E5 29 ¥z 13529 EAR 1529 S5 529

Eme FoKbi, MiboKsi, MirbEs~oKaE T, KEokm, Eaokmze K &

EEAMEOHHA T ThsbOD T b 2 MHEE NET, T8 1 steel T,

Y17 T4

Lok SAhDHN X AW DrHonx

) %ﬁébk%ﬁ\i%&® &%A%&mwi#

vy L5 A HFAbL S AL R

Wil HyoEH B Iz, I LT AN,

_ 51—



J00o0o000oO00oDO0oO0ooooDooOo
00000 Nagoya University 2010

6. BEMDER(2)

Sbiz, EEMOEBICE A LET 1
QD& 51, sl R fERTs e 2
DE S Fic a%o#aw Lé&ﬁ%

IS o

‘ ?ﬁbfvé%%ﬁ it

*K
9 e FhALlxd

ORI D LET

L

»« —0

bl
-

S

OB BT AR ol b X 2R 5.

%L b s HinE T

:@;5&%%
%ﬁ%é%iE@ﬁUTéﬁioivﬁﬁ
LUTERTALCER LTHEL LD

- b2

Now, let us focus on the deformation of
structures.

As shown in Fig. I, when a tensile force is
applied to a pole, tensile strain is
generated in the length direction; as a
result, the diameter of the pole decreases
in the direction perpendicular to the
applied force.

This phenomenon can be easily
understood by imagining, for example,
stretching a piece of rubber.

Conversely, if a compressive force is
applied to the pole, the diameter of the
pole increases in the  direction
perpendicular to the applied force.

Let us express this deformation
perpendicular to the applied force as a
dimensionless  value  analogous to
longitudinal strain.

The diameter before loading is denoted by

d , and the change in diameter after
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loading is denoted by -4d .

In the same manner that the longitudinal
strain is calculated, we can obtain strain
in this case by dividing the change in
diameter by the diameter before loading.
Strain perpendicular to the applied force

is denoted by ¢,.

Thus, the strain can be obtained from the
. . Ad
following equation: ¢, = o (e, equals

-Ad over d).

This strain is called lateral strain because
the strain is generated perpendicular to
the applied force.

In this way, when loads are applied to
members, lateral strain and longitudinal
strain are generated at the same time.
Here, let us calculate the ratio of lateral

strain to longitudinal strain.

M(V
¢

equals the absolute value of &, over the

This ratio can be expressed as v =

absolute value of €).

This ratio is called Poisson’s ratio.
Poisson’s ratio is a dimensionless number,
and becomes a constant when the
deformation of the member is small.

Next, as shown in Fig. II, let us consider
the case where loads are applied to a
parallelepiped. At directions parallel to
the top and bottom surfaces; that is, shear
force is applied.

In this case, relative displacement of the
top and bottom surfaces occurs.

Taking the amount of displacement as

A4, we can obtain the slip displacement
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b ET.

per unit distance as follows: y=% (y

equals 41 over L).

NAT S

19. F7-, ﬁ‘ﬂﬁjﬁ% a T 5 L= %Eé;ﬁ%}?ﬁb\ 19. Taking the angle between the horizontal
Ty=tanalH>v~ Aa—L 2o Txr and vertical sides as a , and using
i ad 753‘?% HILET. trigonometric functions, we find that

y=tana(y equals tangent ).

20. bbb, g LA A E AL TWS = &8 20. Itisevident that y signifies the gradient

%\7}) b4 of the side.

21. ZoOTD )E.%) y %J@;/U[j;f?'()\ﬁ-g L @Uiﬁ“ 21. The amount of displacement y is called
shear strain.
22. X Bz, ﬂﬁl‘%ﬁx%%c:/ﬂ X \Eﬁé“ﬂi O 22, Additionally, when the deformation is
Tr & ﬁ‘ﬂ%},ﬁ% zjaiﬁ‘% CThabBE %7_ AT small, we can approximate shear strain
EIMNTEET. as the angle between the two sides.
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Next, let us discuss the characteristics of
a member when it deforms under a load.
Firstly, we consider the case where tensile
forces are applied to an elastic cord.

The elastic cord is stretched when a
tensile force is applied, and then returns
to its initial shape when the tensile force
is released.

The figure in the lower left shows this
relationship.

The material characteristic of deforming
under load and returning to the initial
shape when the load is removed is called
elasticity.

Secondly, let us consider the case where a
tensile force is applied to a clay pole.
When the tensile force is applied, the clay
pole stretches; the stretching progresses
when a small tensile force is applied, as

shown in the lower right corner of the
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figure.
8. * 77, }] %_‘»E&y )} féb\“( b, 54?;‘}% ﬂi%%o <L 8. Additionally, the deformation remains
FVET. when the force is released.
9. ko7, }jfa: j<JE|7L 5L L@)’Eé Iz 52;‘#2 L, 9. Here, deformation is generated freely
Ljfj & E&y ) E’;{ WT, ;Té D Jﬂ%t I % SRR when a tensile force is applied.
H ;{:,L D ﬁ 7% ja rﬁ NALAS: e i The material characteristic of not

returning to the initial shape when load is
removed is called plasticity.

10. 7B, %OT Liokéﬁg”z%‘ ; 5.;,354@ Egu\ 10. The remaining deformation 1is called

WET. residual deformation.
11. 7[%;_)% 75_» ,anJrj— % [Sé} %, WhH Wz % L ¢ 11. For structures, materials are designed to
FE B 235 2 M R 2 T R RE O T X maintain elasticity against external

HE D nXquL“Cb\iT forces.
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Up to this point, we have studied stress
generated inside a member by loading, as
well as deformation, specifically, strain.
Next, let us consider the relationship
between stress and strain.

Generally, materials for which stress and
strain have a proportional relation are
called linear elastic materials.

In the case of a linear elastic material, for
example, a pole under a uniaxial tensile
force, we can relate normal strain to
normal stress, and shear strain to shear
stress. Then, a linear relation can be
established for each set.

By using proportional constants £ and
G , we can express the following relations:
c=FE¢ and t=Gy (o equals E times
¢ and 7 equals G times y).

The proportional constant E is called
the elastic modulus or Young’s modulus,

while the proportional constant G 1is
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called the modulus of shearing elasticity
or the modulus of transverse elasticity.
The

progresses in proportion to the load in the

relation 1n which deformation
elastic regime is called Hooke’s law.
However, when stress exceeds a certain

value, this law no longer holds.

Both £ and G are constant for a given
material.

In the table below, you can see Young’s
modulus, the modulus of transverse
elasticity, and Poisson’s ratio for many
materials.

From the table, you can see that the
values differ widely depending on the
material.

For example, Young’s modulus for elastic
rubber is in the range of about 1.5 to 5
MPa; from these values, it is evident that
elastic rubber is a deformable material.
Furthermore, Young’s modulus for steel is
about the 2x105 MPa (two times ten to the
fifth megapascals), and its modulus of
transverse elasticity is about the 8.1x104
MPa (eight point one times ten to the
fourth megapascals). Both of these values
for steel are higher than those for other
materials, such as aluminum, gold, and
concrete.

steel is

These values indicate that

difficult to deform, in comparison with
other materials.

Additionally, for the same type of
material, the values of these constants are
altered by heat treatment and the method

of processing.
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Concrete and steel are the most widely
used materials in civil structures.

In tensile tests on test specimens made of
these two materials, the progression of
deformation differs widely.

On the one hand, the deformation of
concrete is extremely small prior to
fracture. On the other hand, steel can
stretch considerably prior to fracture.
Material such as concrete are called
brittle materials, and materials such as
steel are called ductile materials.

In addition to concrete, other brittle
materials include glass, ceramics, and
cast iron.

Copper and gold are examples of other
ductile materials.

Figure I shows the relationship between
stress and strain obtained from a tensile
test on a brittle test specimen. The figure
shows the relationship between tensile

force and the change in length of the
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specimen.

Generally, this type of graph is called a
stress-strain curve.

In the figure, stress is calculated by
dividing load by the initial cross-sectional
area.

Stress calculated in this way is called
nominal stress.

Upon reaching point a after loading,
Hooke’s law and the linear relation

between stress and strain are established.

The slope of this line is Young’s modulus.

When we remove the load in the linear
regime, strain becomes zero and the
specimen returns to its initial shape.

However, as load increases further, there
is a point beyond which stress and strain

cease to have a linear relationship.

The stress o, is called the proportional

limit.

Then, as load is further increased, there
is a point beyond which stress and strain
cease to have an elastic relationship.

The stress o, is called the elastic limit.

In fact, it is difficult to distinguish
between these points because they are
extremely close.

After the elastic limit Hooke’s law no
longer holds.

In other words, when load is increased
beyond the elastic limit, plastic
deformation occurs in the specimen.

If we release the tensile load at point b,
stress decreases to zero by following a
path between b and ¢, and strain remains

in the specimen.
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The strain ¢, is called plastic strain.
The strain ¢, that is generated at point b
is the sum of the elastic strain ¢,, which
is decreased by unloading, and the plastic
strain ¢,.

When load is not released and increased
further, stress passes the maximum point
f, and then the specimen fractures at
point e.

The stress of point f is called tensile
strength and the stress of point e is called
breaking strength.

Stress decreases between f and e.

The reason is that localized shrinkage in
a portion of specimen causes sharp
stretching, and stress is consequently
decreased.

Next, let us consider the stress-strain
diagram shown in Fig. II, for a tensile test
on a ductile material such as steel.

When the applied load is increased, stress
passes the elastic limit ¢, and the

proportional limit ¢, as in the case of a

brittle material.
Upon reaching point s, stress decreases
slightly.

And then, the

stretching while stress remains constant.

specimen continues
This phenomenon is called yielding. The
stress o, at point s is called the upper
yielding stress and the stress o, at point
y is called the lower yielding stress.
When yielding ends at point b, stress
increases again.

After that, stress passes the maximum

point f and then the nominal stress
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HETF LTV E £ decreases because localized shrinkage
occurs in the specimen.
35. ;Eb%tﬁ‘gé‘éélﬁi eiié:j’sb \’U(:} 1&}? :L Y FET. 35.  Finally, the specimen fractures at point e.
36.  (IDITor L= 503, (8% Sl ol 36, The dotted line in Fig. II shows the
0)?[%“(?{ L/f:jjrj\”j? , I 7 gb%/%f},ﬁvﬁ % }Eﬁ stress-strain diagram in which the true
v \’C%U J <—Uﬁ3%&iﬁ?<{% 75:7%1/ Nl DT, stress is used. True stress can be obtained
CREEE N —OFh B e R by dividing the applied load by the actual
cross-sectional area at that point, rather
than by the initial cross-sectional area.
37. HIEHTE LEHAD tholEh o % 37. When the true stress is used, the stress
;v o f*/i”:) £ < L E oy at point t is called the true rupture
strength.
38.  F 7=, Eﬁé{% Iy ?; @ﬁﬁﬁ N E;T.':'J‘ L7~ f;;—fé@ 38.  When we release the load after yielding,
E L% irma“wé}“?i? e A }:“L,fgr; 20 F the behavior of the specimen is almost the
ER same as that of a brittle material.
39. 5%;1‘30) C(;lé”;%i bjc BT, M *Jr z)>|3¢1j( L 39. If yielding occurs in a member of a civil
TLE &, é’g LTw éﬁﬁ fjﬁ‘ﬂgﬁiﬂﬁi structure, deformation progresses rapidly
AY0) a:éfz\“”z ‘%)Ji KJ_/V’C‘ LEWnET. despite the constant applied load.
40. o jj?ﬂé 3 %‘j}’ jll?gq“c =+, 40. This state is extremely dangerous.
41. Fo=w, %Z%ﬂ iolz"ﬂi M 7I<Jr n [Sné?jé L 41. Therefore, structural members must be
RNEIICTHZEN i E A3 designed such that they do not yield.
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