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Today, we will begin our study of structural
materials.
First, let us consider the main methods of

building construction.

These methods are classified into three
categories:  steel construction, reinforced
concrete construction, and wooden
construction.

Of these three, we will first study steel
construction.

In steel construction, steel is used to make the
columns and beams of the structure.

Steel construction is also called S construction.
The method called reinforced concrete
construction is used for buildings in which
structural elements, such as beams and arches,
primarily consist of reinforced concrete.
Reinforced concrete construction is also called
RC construction.

When wood is used as the main component of
structural elements, such as columns and beams,
the method is called wooden construction.

Next, we will study the three main structural
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materials in detail, namely, steel, reinforced
concrete, and wood, which are used in the three

main construction methods.
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First, we will study steel.

Let us consider the strength of steel.

The strength of steel differs depending on the
amount of carbon that the steel contains.

Steel is classified on the basis of its tensile
strength.

When steel is subjected to a tensile force, it
stretches; the ratio that describes the magnitude
of this stretch is called strain.

The point at which strain sharply increases is
called the yield point.

Even as the strain becomes larger, the steel does
not break suddenly.

The greatest advantage of steel is its ruggedness
as a construction material.

Steel is incombustible.

However, the strength of steel decreases
remarkably at high temperatures, decreasing to
half its original strength at 500 °C.

Steel oxidizes in the air, forming rust.

and as a

Steel is strong per unit area,

manufactured product, its material properties
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7, are uniform.
AR/ O < T & AT ZIHEDH . . .
13, I3 Z < ZEL TWAR L, 7|= ﬁ 13.  The price of steel is relatively low and stable.
%LU?H) L ’C? 1 TWET, Thus, it is an excellent structure material.
FAbsD b L H v ¥l &

14. L»L. @% W@g:)ﬂﬁ}b\ /5 ;;‘7/5\\\ KEE %c:ff 14.  When steel is used in a building, it is necessary
v e

to consider fire, heat, and rust.
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Today, we will study the mechanical properties
of steel.

Let us consider a steel specimen of length L and
cross-sectional area A, which is subjected to a
tensile load P.

Under tension, the steel stretches.

The change in length is AL .

To test steel of length L and cross-sectional area
A under the tensile load P, you measure the
change in length AL in comparison with the
original length L.

Using the parameters measured in this example,
the following relations can be expressed:
o=P/A and e=AL/L ,

stress and € 1is strain.

where O is

The stress O is the load P divided by the
cross-sectional area A .

The strain £ can be expressed as the change in
length AL divided by the length L.

Now, let us consider Hooke’s law.

Hooke’s law is expressedas 0 = E - €.
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12. }%%}éo jJV/74E O hHe 0)$ L7 12 The stress O is the product of Young’s
DET, modulus £ and the strain € .

13 D;fﬂlﬁi']j}g D EE;/E,K [ :ﬁg{ﬁ E=205x10°N/mm?*> 13  Young’s modulus is constant for a given
LD ET, material. In the case of steel, Young’s modulus

is E=2.05%x10°N/mm*
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ZHEN B0 xr< MAM . . .
1. T, ﬁﬁ]ﬁ@ }#5)5‘3 L. OFTHIZHONT % 1. Now, let us continue our discussion of stress and

Zfﬁiﬁ‘ strain.

2. j $§(§|’m’]0)i;;',—/m\0) }f,:?U% Uﬁ‘iy\iﬁ?,{%ﬁ%% 2. The figure shows the stress-strain curve of mild
L i ﬁ‘ steel.

3. Jﬁi,myﬁ 5 A,ﬁf@ g Ldﬁﬁlfﬁi ’C*cj:gﬁi{?i% Ly, 3. The area from the origin to point A is called the
iﬁl‘ﬁj% L Uﬁﬁéliﬁ\fbﬂﬁb’j@%& L £, proportional limit; here, the curve is linear, and

the stress and strain are directly proportional.

4. DFED 7 /ﬁ@{%:ﬁfja =F-e [~ A 4. From this, Hooke’s law can be expressed as

2L f— AFvEy] BRYIbLE o=E-¢.
ER
e “C‘ E Iy ‘/7“212“6#0 5. E is Young’s modulus.
6. ?ﬁﬁ'] 0) s Ex :ﬁg@ E =2.05x10°N/mm* 6. Young’s modulus is a constant of
Ll £, E =2.05x10°N/mm? for steel.

Cr&x

7. B)%@?ﬁ?%ﬁé?ﬁif Lﬁwii SRk EO0T T Up to point B, which is called the limit of
b b e
AITITCITRY 0 L7e 9

elasticity, the strain returns to O if the load is

removed.
0) J: 9 IR A B L S E T 8. This behavior is called elasticity.

9. CRICHET 5 & b f“jﬁf;{ 1}753‘ n. %= 9. At point C, the stress decreases slightly. After
0)?& M. Jfr} jj lit%j]l]’d_’ﬁ‘ O T2 Z)S‘i%,i this point, the stress never increases, and only
TVWEET, the strain continues to increase.

10 ZhERRE % Lo, 10.  This is called yield.

1. O %J:E:Mjé,,f\\ D% PR S & IO %4, 11. Point C is called the upper yield point, and point
D is called the lower yield point.

LbZo

B
12. 2N

<
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v B0 rl L Z95<B

DT E % Epf N ,@t & %b\iﬁ‘o 12.  The stress at the lower yield point is called the

7
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yield stress.

13. %’ ‘F%qu"( Xz O)ih)\ A E%: i ﬂﬁ% L4578, 13. This stress is the limit for an elastic design, and
% )é 72 7@‘ <9, thus it is a critical value.

14. — o [S%}@%ji %‘:JL@J X AL %%“}H % L,’i“ LT%HO 14,  After the yield stress, the strain remains even if
ﬁ“?fﬁi%% D F£4, the load is removed.

15. j% ’55:5 f% L *l/ VET, 15.  This is called plasticity.

16. Zét; I TAHOT A 7}73% W’ ja ﬁ()\ﬁ‘if g *l/ v 16. The strain that remains is called the residual
Er N plastic strain.

17. XH\T. U\T]yd)xt%jju LT E,m Lﬂﬁjé R ﬁf 17.  The strain increases to point E, and the stress
Uj,hi bal })%7) - L;,-) LﬁA&’) = begins to increase again.

18. 0) Lﬁ‘j; %;U\ﬁ‘]y\@ﬂg L [Q:U\i =R 18.  This is called work hardening.

19. E é U#ﬁﬁﬁ{tﬁﬁﬁmﬁ }: =S\ ET, 19. Point E is the starting point of work hardening.

20. F% fjb(rﬁ‘i%f” LA =0 20. At point F, the stress reaches a maximum.

21. Z oL x @}5%%%6[%& 9] ﬁﬁé > *b\iﬁ‘ 21. The stress at this point is called the tensile
ZDEZFTDD Tﬁf%@@&@Uiﬁ strength.

22. *#* 0)?%\ ( NE & B UTEW‘ < (ﬁi(b’(rﬁﬂi < 72 22. The cross-sectional area of the steel decreases as
n . j,i ) };'-f [SEFT LT G,,“’C‘gﬂzjiﬂfﬁ LET, the strain continues to increase, and stress

decreases. Then, the specimen fractures at point
G.

23. =0 AR T 23.  This is the fracture point.
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Today, we will study reinforced concrete.

To produce reinforced concrete, concrete is cast
that incorporates a steel reinforcing bar.

The resulting material, in which concrete and
steel work together, is called reinforced concrete
(RO).

Reinforced concrete is wused for

primary
structural elements such as columns and beams.
We refer to this construction method as
reinforced concrete construction.

Concrete is composed of cement, aggregate
such as sand and gravel, and water.

The properties of concrete differ depending on
the type and composition of the material.
Compared with steel, the strength of concrete is
about 1/10 in Young’s modulus, 1/20 in
compression, 1/200 in tension.

As we can see from these values, it is necessary
to reinforce concrete in order to use it as a
structural material.

Let us take steel as a comparison.

To use steel, it is necessary to consider fire,

heat, and rust.
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In proportion to its compressive strength,
concrete is an inexpensive material, and is thus
an excellent structural material.

Large quantities of concrete are used in
construction, and concrete protect the
reinforcing bar from fire and heat; moreover,
because concrete is alkaline, it protects the
reinforcing bar from rust.

This system of interactions is the principle
underlying RC construction.

The life expectancy of an RC structure is from
50 to 100 years.

This life expectancy is based on the time
required for concrete to become neutral; when
the neutralization reaches the surface to the
reinforcing bar, the concrete loses its ability to
protect the reinforcing bar from rust.

It is also worth noting that the adhesion
between steel and concrete is strong.

The coefficients of thermal expansion for
concrete and steel are nearly equal
Consequently, they can be combined well as

structural material.
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If the adhesion between concrete and steel were

not strong, steel would not be able to reinforce

concrete.
Hp VD ENCE Y é’lf){f;):/u; )%:) Wzt
<AL fF 7 o R — A

X1 £ #E |

TE) 1. BX2oT2L V0o EE. (M HbB05 L0 kT, [Ef 1E. BS 2o ThS
<FB VDT,

bl KkzlEfi+s e iEn oo,

AA 1'_'.)_‘L)
X1 [~DEZ(F)

~o#liciz) LS D, T~ »5E 2 ons%ko
E. Ta2 7 U— ML, e
&wamﬁfﬁﬁvﬁoLﬂb\:yyu~ku\9§ﬁ%wﬁn5
2720 F£9,

. Wiz

<5 . Jﬁ-j. )_3;‘7;
SITHAND L BNEWVWIE

Lo '7‘oﬁ\

FEH L3 é
W%l L5 ok, 8

T

N N
Wi o il—Jﬁﬁ (1 Exﬁ‘ml/\)
e E 2 BB B

\j%

Erol

Bl — R, HEOE T L,
SUREIc BRI B LS A2y, LanL, ZoREE. BT EBb L,
Bl — oz, B onbuicizE sz,

STEANETIECLHE D EREDS AR,

<5 95 BB

Bk ZAICHRT, ERE,
AA

X1 [I~&LTH]

(~& L) 1. [~05H (position)
Bl HE LT, PRS0,

LovL. oz g »odhe s, ot L

T R r~®f§*§ (capacity) T %ﬁ%)biﬁ‘o

- 175-



J00o0o000oO00oDO0oO0ooooDooOo
00000 Nagoya University 2010

RN ERITENNES o - PN 2 <N
il Wi, HmERER L LTbBERTVET,

= (314> A AR
ARA v A& <

X2 [#%&E]
WMo E e ciie s b, B9 2 LT,

Wl . a— Ra = LTS,

ARA £

Y2 %3

[AZBADLAS IE B AFELLANCI L (B) MAICE B2 H 220k 51
Bl - o 7T Ak, EAR D H A D,

AA At .

X2 Iy

P L< 2o

&#t LWk oicd o) &, ¥R

T D] T ETT,

i

i

A
X3

1

A
5

T
oy

0x
>
&

@ B

Z‘

bS

BIE S < blc

NS SRS S
Yo 7T RIS <

I (gargling)z L X 9,

ﬁ

|-n1m
u>@ s

r4g:
N
[ {

 (acid) THT7 B UM (alkaline) THAWHEE & M &g,

Z&) TY,

Lt
% 5]

b

5
if%ofwt%m%@ o L R

A ER-E RS
X6 [{t&]
[ 2O < 5HNT (D). BRI RS = LT,

Bl Waiic v icizo v ol nii e+ 5,

A

X7

Ei

GWJFkT%JkUTmiﬁ &fﬂk%w

M

rEhdH Tl

BN La R LET,

- 176-

Y5z LT,

\Fﬁib<&w%@ﬁﬁmﬁofzﬁm

Hp 9t

F%@&JMiW@M@



f‘k

A SO

s o

[l
A

ShE LD

IZoONT R L ET,

mﬁ;é?r Pz o % 2 CHE

=2
0
o

o

0k ~F%

3
pus
fad
o

L Db 0TI R A X <
f N<EBID &

0 -l - AR K TS 1kt
TS UE S

3
N

-
5
%

E >0k

2 =
9_(‘(.

T
i

M .

!
o
>

—
2
N
&
Uy

fad

T
~

L kD 7/»;’1<;)%)5L £ V)
TEARREMEEM S L CRLSFIA S TE
F L7,
H I (‘ L}ik "tf/p(l.‘ 73:_14\ £529 :)ifﬁ
AR ORFRI L HE )9 B T oWz &
TrEIOBOY L
ST, 7 ﬁiu\ﬁﬁﬁi/\foﬁwi'ﬁ_o
W 5 k- <IEH»Z D g;ﬁi&ot‘;yﬁi oIV NP R (034
fﬁfﬁk [E J5 10 O TR JE e IS E TR W
A 35
T9, ZhiE, BHEAFH LS I T2
7T,

)4;(:rb;‘<_£'_u ’o<—‘fj") H o :ill‘t» 5
*%aﬁ§+ﬁ&_otof7!<L®mp+% TOHLAED
H< W Lo ThA

MO L £9,

177-

J00o0o000oO00oDO0oO0ooooDooOo
00000 Nagoya University 2010

Lastly, we will study wooden construction.

To start, let us consider the mechanical
properties of wood.

The strength of wood is high in proportion to its
weight, and has appropriate strength and
ruggedness in compression, tension, bending,
and shear.

It is simple to shape, assemble, and join wood.
Because wood is readily available, wood has
been widely used as a main construction
material since early times.

The allowable stress differs depending on the
direction of the grain of the wood.

The allowable compressive stress at a right
angle to the grain is small, because the grain is
compressed and becomes dented.

This is a weak point of wood which must be
considered in calculations when designing
wooden structures.

In comparison with hardwood, the rate of
decrease in the allowable compressive stress for

softwood is larger.
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Next, let us consider the properties of wood in
the presence of water.

The ratio between the weight of water and the
dry weight of wood is the percentage of water
content.

As the percentage of water content increases, the
strength of the wood decreases.

After a tree is cut down, the percentage of water
content of the wood decreases, and the wood
shrinks.

As the wood shrinks, the change in dimensions
is not equal in all directions, but rather differs
depending on the grain of the wood. This causes
warping and cracking of the wood.
Consequently, it is necessary to ensure that the
wood is sufficiently dry before using it in
construction. Careful attention must also be
paid to the strain of the wood induced by
fluctuations in the percentage of water content
and the assembly of wooden members.

The drawbacks to wood are that it rots easily

when the percentage of water content is high,
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