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4.1. NGUYEN LY SAINT-VENANT

Bai toan cua ly thuyét dan hoi khi giai thudng gap kho khan khi phai théa man
hoan toan diéu kién bién, dac biét cac bai toan vé thanh, tam, vo.

Nguyén ly Saint-Venant con dudc goi la nguyén ly vé hiéu ('ng can bang cuc bd
clia ngoai luc. Nguyén ly nay dudc phat biéu nhu sau: “Né&u trén mét phan nhé cla
vat thé cd tac dung clia mot hé luc can bang thi ('ng sudt phat sinh sé tdt dan
nhanh & nhithg dém xa mién dat luc” hodc “Tai nhitng diém trén hé vat cich xa
diém dat luc thi trang thai (ng suét, bién dang ctia vat phu thudc rat it vao cach tac
dung cua luc”.

P

Load distorts lines
located near load
—
O
: 21 Lines located away _P P
from the toad and support Oug = Oug = &
1emain straight ’
section a-a section b-b section c-¢ section ¢
®) ©

-~ Load distorts fings
 located near support
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4.2. BIEN DANG PAN HOI CUA THANH CHIU TAI DOC TRUC
Xét thanh chiu tai doc truc nhu hinh dudi:

P

A(xX) E

v 45 = P(x) dx

Nhu vay,

8 = displacement of one point on the bar relative to another point
1. = distance between the points
P(x) = internal axial force at the section, located a distance x from one
end
A(x) = cross-sectional area of the bar, expressed as a function of x
E = modulus of elasticity for the material
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4.2. BIEN DANG PAN HOI CUA THANH CHIU TAI DOC TRUC

Gia slr rang, thanh ¢ tiét dién ngang khéng déi, vét liéu thanh déng nhét, ngoai luc
F tdc dung doc thanh khéng d6i thi ndi luc doc trong thanh Ia hang s6:

Trong trudng hop cd nhiéu luc déc 1ap tac dung I&n thanh, mét cit ngang thay déi
dot nhot, vat liéu thay d6i tai tirng doan trén thanh thi sy’ chuyén vi tai dau cudi cla
thanh s& bang téng cac su’ chuyén vi doc 1ap.
N

Quy udc cho luc & chuyén vi:
"+ Juc géy ung suat cang & lam gidn dai thanh.
"7 Juc gdy Unqg sudt nén & lam co thanh.

+P

—— +x x —
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4.2. BIEN DANG PAN HOI CUA THANH CHIU TAI DOC TRUC
Vi du: Cho so d6 luc tac dong Ién thanh nhu hinh vé:

L 5
&

S KN 3kN bwz..:.:. - 7KN

_I'_m

Lpe i Lep |

h_m_ﬁ_“u”z

Fep=7kN

Chuyén vi tai diém A so véi diém D trén thanh la:

_ _{(5KN)Lgg | (3kN)Lpe | (Z7EKN) L¢p
Bamm = Mmm =T A T AE * AE
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4.2. BIEN DANG PAN HOI CUA THANH CHIU TAI DOC TRUC

Vi du 01: The composite A-36 steel bar showa in Fig. 10-6a is made from 25

segments, A B and BD, having cross-sectional areas of A5 = 600 mm?-
75 ke . e “and App = 1200 mm? Determine the <n2_nm_ QmEmntoE om oua h

and mpm displacement of B relative to C.

> paayy Internal Force.  Due to the application OH :ﬁ mﬁmBm_ _cmn_Emm. :6
internal axial forces in regions AB, BC, and CD will all be different.
These farces are obtained by mEu_wEm the method of sections and the
equation of vertical force equilibrium as shown in Fig. H?mv HEm.
variation is plotted in Fig. 10-6c.

Displacemenr. From Appendix B, £y, = mwoﬁod MPa. dm_mm :5
sign convention, i.e., the internal tensile forces are positive and the
compressive forces are :ammﬁqm‘ the vertical m_memntma of A
relative to the fixed support D is

5, = PL Pr7skNJ(Imy(ae) o [#35 wz_a.dsxsﬁ
AT AR T 1600 mmd (210)(10°) KN/m] [1200 mrmt (210)(10°) kiN/m®)
. [~45 KNJ(0.5 m)(10%) S
() 2 3 2
™ [1200 mmZ(210)(16%) kN/m?] o
=+0.61 mm . S AnS,
Since the result is positive, the bar elongates and so the n_HmEmomEmE. :
40 kN at A is upward.
. Applying Eq. 10-2 between points B and C, we o_u.ﬂmE
Ppcl.pc [+35 KN}J(0.7Sm)(10°)

_ B _ - .. . “. .b. . -
Bec= " ppeE T [1200 mof (210)(10°) kNJn’] +0.104 mm e -
A.QWFA .

- : Here B moves away from C, since the segment elongates. N
LTA_ Co hoc vét liéu (215004) 6 |
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4.2. BIEN DANG DAN HOI CUA THANH CHIU TAI DOC TRUC .

Vi du 02: The assembly shown in Fig. 10-7a consists OH an mEEm:ﬂE.wﬁ.,c.m AB
* having a cross-sectional area of 400 mm? A steel rod. having a
diameter of 10 mm is attached to a rigid collar and passes ﬁ:.o:mw ..
the tube. If a tensile load of 80 kN is applied to the rod, determine the.
displacement of the end C of the rod. Take F, = 200 G¥a, Ea Iuc .me.._.
Internal Force. The free-body diagram of the tube and rod,

EmBh@mwoﬁﬁ?mﬁnwmmoa_mmcgmnﬂma,Bmﬁmzma_n0m mm WZ m:&
the tube is subjected to a compression of 80 kIN. :

Displacement. We will first determine the n_mw_mnma_muﬁ om end C
with respect to end B. Working in units of newtons and Emﬁmum éw .
have .

5 pr,  [+80(10%) Nj(0.6 m)
BT AE T m(0.005 my*[200(10%) N/m?]
The paositive sign indicates that end C moves fo the xm&n relative

to end B, since the bar elongates.
.H._um displacement of end B with respect to the fixed mua k» is

PL [—80(10") NJ(0.4 m)

= +0.003056 m —

80 KN -

n 95 = AE  [400 mm?(107%) m¥mm?}[70(10%) N/m’
e = —0.001143 m = 0.001143 m —
Here the negative sign indicates that the tube m_._oﬂgm. m:&...mo. B
moves to the right relative to A. )
Since both displacements are to the hm_.: the mmmm:ma
displacement of C relative to the fixed end A is therefore :
5 8¢ = 8y + 8cyp = 0.001143 m + 0.003056 m
=0.00420 m = 4.20 mm -» Ans.
LTA_ Co hoc vét liéu (215004) 7
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4.2. BIEN DANG PAN HOI CUA THANH CHIU TAI DOC TRUC

A rigid beam AR rests on the two short woﬂm shown in Fig.:10-8a. hﬁ.
“is made of steel and has a- n_wm:.ﬁﬁn of 20 mm, ‘and BD is.mads
_ Eﬁ.éb:ﬁ and rmm a &maanﬁ of no mm, UmEEEE En m_m_u_mnmﬁ nn

UR@E%EER The Bm_u_mnoEmE cm En HOm. om m .n& ﬁomm _m

Post AC: - o
_ Paclac _ mmasﬁzagfaawlﬁﬁam

B =k, w0010 Evﬁ%ﬁcdz.\au_ s v m,
= {286 mm -

Post BD: S

A . B = 0 = &ﬁ%@ zﬁg ﬁ V
Pic=60kN © Bop=30KN =(,102 mm | o
[+
0,102 mm 600 mm A diagram showing the centerline displacements at points A4, B,

[aoa Lt — B

T, mmmm.omzumwmmms.mmwoimﬁm_mu@;maquqowonﬁpo=0mﬁwa m&mmnm
o 12mn  triangle, the displacement of point Fis &3&@5 S .

400 mm .
o mwm .ﬁ E.

500 aav mm ,F !

LTA_ Co hoc vét liéu (215004) 8 7
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4.2. BIEN DANG DAN HOI CUA THANH CHIU TAI DOC TRUC
Vi du 04: A membey is made from a Emﬁmcm_ that has a specific, weight y and
P modulus of elasticity E. If it .is formed into a cone having . the
dimensions shown in Fig, 10-94, determine how m:. its end is &mﬁmnmn
due to gravity when it is suspended in the vertical position. . o

L 5
&

Internal Force. The internal axial force varies along the member
“ since it is dependent on the weight W{y) of a segment of the member.
below any section, Fig, 10-95. Hence, to calculate the n_mEmSEou
we must use Eq, 10-1, At the scction located at a distance y from its -
bottom end, the radius x of the Smo as a function of y is nﬁ«ﬁuﬁan
by proportion; ie., :

0o

X h U

S _w oY
.__...>. ; _ ¥ m ; i .u .,” e Liits of v = 0 and v = L vield .H:m <oEEm oM m cone :mcam a vmwm of HmaEm X mnﬁ_ height y is -
pplying Eq. etween the limifs of y =0 and y = L yields - ol
: O DL
o . Since % ﬁ\ Em ESE& force at mﬁ mma_cm @mnoEmm
A R _____+E®.u__p_;_ s w€| ht‘
R yI? R R U%Eanezm_:. dﬁ area of Em Cross mmn:g is w_mo a E:So: o_w
.. n@ R, - Aps., _qu_:ow w, Em Elww We wmﬁ T e
As a partial check of this RE: ‘notice how Em units of the ﬂﬂam A H B e hm
when canceled, give En _n___%wm.onama in umits of length as o%.mo,ﬁu. o .
| LTA_ Co hoc vét liéu (215004) 9
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4.3. NGUYEN LY CONG TAC DUNG
Nguyén ly cdng téc dung (ng dung trong trudng hgp xac dinh ('ng suét, chuyén vi
cua hé vat khi chiu tac dung clia cac tai trong phuec tap.

¥
PO J

Su dich chuyén hay (rng suét tai mét diém trén hé vat chiu tai phic tap dugc tinh
nhu sau:

- Tinh ('ng suét hay chuyén vi bdi tirng tai trong riéng ré.

- COng dai s6 cac gia tri ('ng suét hay chuyén vi.
Khi ap dung nguyén ly cong tac dung thi phai thda 02 diéu kién sau:

8= PL/IAE
- Tai phai tuong quan tuyén tinh véi ('ng suét hay chuyén vi (vi du:e = PiA

- Hinh dang ban dau hay c&u hinh cta phéan tir khdng thay déi nhiéu.

LTA_ Co hoc vat liéu (215004) 10
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4.4. BAI TOAN SIEU TINH — TRUONG HOP CHIU TAI DOC TRUC
Khi thanh chiu tai doc truc & bi c6 dinh 02 dau cua thanh nhu hinh dugi thi ta goi
do la bai toan siéu tinh. Khi do, ta co phucng trinh can bang:
. AIF=0;
Fg+Fqy—P=0 (1)

L 7
@)

Diéu kién tuong thich vé bién dang hay déng hoc:
Sup =0
Ta cd cdng thirc vé chuyén vi: § = PLIAE

Fylac  Fglgp
AE AE

Gia sUr rang: AE la hang. TU (1) & (2), ta dugc:

L Lac
m&»"ﬁh Mwu and hu_m"muhr:hlv

=0 (2

F; F
®) (@
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4.4. BAI TOAN SIEU TINH — TRUONG HOP CHIU TAI DOC TRUC -
Vi du 01: The steel rod shown in Fig. 10-12g has a &mﬁﬂﬂ of §°

.m:mo:ma to the m_kmn_ émﬁ at A, m:& cmmonn : »m _Omn—am thy

at A and B’ if the rod is subjected to. an muc& moHnn of P=
‘shown. Neglect the size of the collar at C, wam mz..l MQD .”Qw

Equilibrium, - As shown on the free-body as_mqma Tig. 10-12b, we.
will assume that the force P is large nuo:m: to S&a th rod’s end. m

Equilibrium of the rod requires -
L3k =0 ~F,— Fp+ NDEJ z__u 0

Compaiibility. The _Om&nm causes wo:: B .8.530 to B, ¥ .
further a%wmnmaoa ?ﬂ&oﬂm Eo SEEcg:w cond tion for the

rod is

mg__b ={. Ocm E .
‘Ihis displacement can be 963%& in ﬁ_.am of Eo waosa“
' reactions by using the load-displacement S_mmoagp .m 10-2,
< applied to segments AC and CB, Fig. Slwmn. éo..wEw . units om .
:aﬁoﬁ and meters, we have

or

F4(0.4 m) ~ Fa(0.8 m) = u@ﬁ..o z m-
Solving Egs. 1 and 2 yields .

m.hlwamwz m_w!mw@wz
Since the answer for F is positive, indeed the end B Sam% :a smm :

m.mh% FyLes.

at B’ as originally assumed. On the other hand, if Fj were 2 pomasa - g = 0001 m =~ TTHE
quantity, the problem would be ﬂmzna_w %.ﬁaamﬁ so that Fp= a : P04 ) - o ﬁwe S g
and £y = 20N o B - 000k, =200 0025 m)P200(16°) W]~ {00025 m200(1C°) z\ .

| LTA_ Co hoc vét liéu (215004) 12 |
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4.4. BAI TOAN STEU TINH ~ TRUGNG HOP CHIU TAL POC TRUC .. ok o

Vidu 02: . a rigid member. If the applied load on the member is 1S kN, mﬂnﬂ&.ﬁm.
W S W RE W the force developed in each bar. Bars AB and EF ”_o.mn.v. ‘have ‘a
4 cross-sectional area of 25 mm”, and bar CD has a nmnm.m...%mmmm& area

% .
04m of 15 mn*, : »

N Equiltbrium. The free-body diagram of the ﬁmmn”.ﬁwﬂdnm.ﬂ. shown
L in M,..wm 10-14b. This problem is statically indeterminate since .ﬁ_u.mnn are -
three unknowns and only two available n.ﬁﬁwmvﬁwi...wmiwﬂmnm«ﬂ#nm@. :
‘equations are R I o
P =F, =0 Fut Fe+Fp—15kN=0 = (1)
SFEMo =0 —F4(0.4 m) + 15 kN(02 m) + Fe(0.4 m) =0 (&)

Compatibility. The applied load will cause the _.._OHHEOBHE r.\b.n ACE

shown in Fig. 10-14¢ to move 1o the inclined line A'C'E’ ...HE@

displacements of points A, C, and E can be related JU.M _unovonﬁo..:m.;

triangles. Thus the compatibility equalion for these displacements 18
. M\himm Mﬁ«llmm o

3.8 m 0.4 m
e = nw@_ + Wmm
Using the load—displacement relationship, Eq. 10-2, we rmqo
FcL i FaL L1 Fil.
(15 mmA)E, mm (25 sapumL L @5 mnHEg |
- Fe=03F, + 03Fg o Rc)
Solving Egs. 1-3 simultancously yields . o o
Fy =952 kN o . Ans.
Fe=346kN ~  Anss
Fr = 2.02 kN _ . Ans.
| LTA_ Cu hoc vét liéu (215004) 13
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4.4. BAI TOAN SIEU TINH — TRUONG HOP CHIU TAI DOC TRUC

Vi du 03: The bolt shown in Fig. 10-15q is made of 2014-T6 aluminum atloy and
e is tightened so it compresses a cylindrical tube made of Am 1004-T61
— magnesium alloy. The tube has an outer radius of 10 mm, and it is
assumed that both the inner radius of the tube and the radius of the bolt
_ are 5 mm. The washers at the top and bottom of the tube are considered
et T B to be rigid and have a negligible thickness. Initially the nut is hand-
R I tightened slighily; then, using a wrench, the nut is further tightened one-
half turn. If the bolt has 20 threads per 20 mm, determine the mwﬂmmm.mm
the bolt. A AR i S s

Eguilibrium, The free-body diagram of a section of the bolt and the
tube, Fig. 10-15b, is considered in order to relate the force in the bokt
F, to that in the tube, F,. Equilibrium requires

1 3R, =0 TRy —F=0 1)
.+ . The problem is statically indeterminate since there are two unknowns
_~Fnal - . in this equation.

... Comparibility. When the nut is tightened on the bolt, the tube will
- ghorten §, and the bolt will elongate 5y, Fig. 10-15¢. Smce the nut

0.5 mm

el 27 undergoes one-half turn, it advances a distance of WA% mm) = 0.5 mm
- . /HEEH ~ along the bolt. Thus, the compatibility of these displacements requires
Co@ o position 1 &=05mm— §

[ LTA_ Co hoc vt liéu (215004) 14|
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4.4. BAI TOAN SIEU TINH — TRUONG HOP CHIU TAI DOC TRUC
Vi du 03:

%mﬁ:mmﬁao%_o&mwmﬁm&qm}zM&me,m&ndmwmum%
applying Eq. 10-2, yields -

F, (60 mm) 0.5 mm— F, (60 mm)
w{(10 mm)® — (5 mm)*]|[45(10°) MPa] a(5 mm)*{75(107) MPa]
5F, = 125a(1125) - 9F, @

Solving Egs. 1 and 2 simultaneously, we get
Fy = F,= 31556 N = 31.56 kN
The stresses in the boit and tube are therefore

o, = Lo = SISS6N o1 o Nimm? = 4018 MPa  Ans.
4, a(5mm)
ol g =il 31536 = 1339 N/mm* = 133.9 MPa
| posifion - A a[(10 mmy - (5 mm)*]
5T T - These stresses are less than the reported yield stress for each material,
1050 (gy)y =414 MPa and (o), =152 MPa (sce Appendix B), and

therefore this “glastic” analysis is valid.

: o Initial
@ position
| LTA_ Co hoc vét liéu (215004) 15
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4.5. UNG SUAT NHIET
Su gian nd hay co lai clia phan tir do yéu t6 nhiét ty 1€ tuyén tinh vdi nhiét do.

a = a property of the material, referred to as the linear coefficient
of thermal expansion. The units measure strain per degree of
temperature. They are 1/°C (Celsius) or 1/°K (Kelvin) in the SI
system. Typical values are given in Appendix B

AT = the algebraic change in temperature of the member
L = the original length of the member
87 = the algebraic change in length of the member
Su' chénh Iéch nhiét d6 la ham phu thudc vao vi tri cia phan tur:
AT = AT(x)
Khi d8, do dan dai do Urng suat nhiét la:

L
mﬂﬂh a AT dx

LTA_ Co hoc vat liéu (215004) 16
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4.5. UNG SUAT NHIET

The A-36 steel bar shown in Fig. 10-16is constrained 0 - Just. Ait

E between two fixed supports when Ty =30°C. IL. the wnﬁmﬂwﬂﬁn is
: : raised to T3 = 60°C, determine: mun mﬂwmwm_m uoHBm_ ‘thermal stress
developed in the bar. : S

Equilibrium. The ?no&o& diagram - of the bar ____m.__mroém__“___:w
Fig. 10-16b. Since there is no external load, .Eo ﬁoHnn at A i naj
but opposite to the monnn mnabm at _w Emﬂ is,

WMEF=0 E|§|w_

The ﬁSE@B is statically En_a”ona._:.mﬁn
be determined from equilibrium.

Compatibility, Since wx_\m = (3, the 528& Bmw_mntwm_“ Srat A that -
would occur, Fig. 10-16¢, is counteracted by the force mﬁ.?mﬁ......yc.:ma .
be required to push the bar & back to its oﬂmEm_ anﬁon.._go..._
compatibility condition at A becomes =~ = :

+T | Bayp = 0= m,..: - .mm
L iw_. Co hoc vit \\% NG%& 17
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4.5. UNG SUAT NHIET The A-36 steel bar shown in Fig. 10-16is nommﬁm__bon_. 0 just fit

Vidu 01: between two fixed supports when 7 = 30°C. If the wagmnm_mﬂﬁn. is

raised to T3 = 60°C, determine: mun mqomwm_m uoHBm_?n
developed in the bar. _ _
Applying the thermal and -omalmpw@_mnn_ﬁa:ﬁ HnHmanm_Eumy 4._.0.
have S oo
L
= aATL — ,MW:
Thus, from the data in }ﬁmomﬁﬂﬁ w
= Qbuﬁm . . e
= [12(10~ J%Oﬁmﬁon uOoOvﬁo E,o Bummmooﬁomv wm.&
=7.2kN

From the magnitude of K, it should be %wmwmﬁ Emﬁ changes i -
temperature can cause mmwmm ammn?ou momomm in statically indeterminate
members. :

Since F also R?.omo:ﬁm mﬁ _Eﬁd& axial moan wit]
the mﬂmmmmn mOmBm_ noﬂmﬁwmmﬁo mﬁ@% am thus’

F Eﬁc Jzz

o= .Iqw z..m.m

. A T (00lmp

o

| LTA_ Co hoc vét liéu (215004)
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4.5. UNG SUAT NHIET
Vidu 02:

m..mﬁ?m:aar A free- wo&q &mmﬁﬁ of-a mmncoﬁmm segment. of the
assembly is shown in Fig. 10-17b. The forces Fy and F; dre. Hﬁcn:ama )
since the sleeve has a higher oommmﬂmﬁ of mﬁﬂnm_ mwmmmmwo_u_ﬁrmn._.

required that e

Ga_aﬁama :._G__ ﬂ,wm ﬁEﬁmHm"ﬁm Ennmmmm.nm:mmm the _munnﬁw and .w.o:....
to expand (8,)y and (8,)7, Fig. 10-17c. _Eoﬂwﬁb the redundant mohnmm g
F;, and F; elongate the balt and shorten the sleeve. Ooﬁmnﬂsn ly, the
end of the mmmmb&‘ reaches a final position, which is not the same as
the initial wom_ﬂoﬁ. Hence, the SBHU.&&EE nobm__:cu becomes

R ¥ 5= By + (8= (B)y -

| LTA_ Co hoc vét liéu (215004) 19
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4.5. UNG SUAT NHIET

Vi du 02: Applying Egs. 10-2 and 10-4, and EEm the EmnmeS_ ﬁaovonsam._
from Appendix B, we have _ :

. [120007%)C)(80°C - 15°C)(0.150 __av

0 150 _5

(400 mm3)(107 m?/moy ﬁ%a&%
= [23(1078)/°C}(80°C 15°C)(0.150 m) o
E,(0.150 av :
"~ 600 mm ne -6 NEBJE 53%3

]

Tnitial
position

Using mn_ 1 and solving gives

= T Gy
: M B nnmbv.ﬁ. ¥ ,,,mU.uw_B

T %u._g_ Fo=Fy=2020kN "
The mﬁwqmmo uo:“mmm stress in the bolt and .&a@o is Eﬁomo_.o .
. 2026 kN |
= 200 (1070 ¥l 506 %m
20.26 kN

% 7 600 mu(10°C o) m MPa

Since linear-elastic material _um_,_mﬁo_. Emm mmmzmﬁm in. this
analysis, the calculated stresses should be checked to make s mE.o wm”.
they do not exceed the proportional EEmm for mum material,

LTA_ Co hoc vét liéu (215004)
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4.5. UNG SUAT NHIET

Vi du 03:

T!mccBBl..,..lwooEEiv_GchﬁE

Steel }..BEF_..EB. Steel

_COW.Z

The rigid bar shown in Fig. 10-18a is fixed to the top of the three
posts made of A-36 steel and 2014-T6 aluminum, The posts cach have
2 length of 250 mm when no lead:is applied to the bar, and the
temperature is T} = 20°C. Determine the force supported by each
post if the bar is m:_u,dnnﬁa to a uniform distributed load. of wmc _nZDH
and the temperature is raised to T = 80°C. . ; )

Equilibrium. The free-body diagram om the bar is shown in Fig. 10-18b.
Moment equilibrium about the bar’s center requires the forces in the
steel posts to be equal. Summing mo_.nmu on mpm m.mm.co% EmmHmE. we
have

+1 2F, =0 2E, + Fy— @cﬁad N=0

u_._._.s
Compatibility. Due to load, geometry, Ba Eﬂoﬂmm meEoﬂ.% Em
top of each post is displaced by an equal mEo:E mn:na. RS
+ =t
The final position of the top of each post is ma:mm to mm QmwmmntwE.
caused by the temperature increase, plus its displacement caused by

(e the internal axial compressive force, mnm H?Hmn .Hr:m mOn a mﬁnnm mﬂn_.
(8dr aluminum post, we have B o
Initial Position r~(pP/R | E €8al)
5, =8 (s u|_ i Final Mom%u i - Immawﬂ + nmavm
o0 o : +._\ .nn - ]ﬁm&v.ﬁ + A.mnbm
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4.5. UNG SUAT NHIET
Vi du 03:
k=300 mm —~l— 300 mm—f Applving Eq. 2 gives

Steel b..r\_EF_..E Steel

_CCW.Z
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( wvﬂ _Lt_mﬂ T
Initial Posifion 1 [¢8a)p
[ — = -
8y =8y (8a)r 4| TFinal Position

~(Br + (B = —~(Badr + (Bl
Using Egs. 10-2 and 104 and the material m.no_uﬂﬁnm in ?mwns&xw
we get . : .

. . \ :e 250 m)
~{12(10 8)/°C}(80°C — 20 98 250 Ev+ aa 020 m)[20000%) zh_auw_
L1(0.250
= ~[23010°)"CY80°C ~ 20°CHO2S0 m) + s Bmﬁm - ﬁ_%v z\aﬁ
Fy=1216F,;—165.9(10% .~ 3)

To be consistent, all numerical data has been mﬁ_ﬁmmwma in terms of
ncwions, meters, and n_nm_.wnm O&mEm mogzm mﬁ w mum m .
simultaneously S&aw : : o

- _164KN  Fy—123kN ___Ea._
The negative 4&:0 moH Fy Ea_nmnnm that this force wna omﬁomno to .

thatshown in Fig. 10-18b. In other words, the steel posts are in ”mbﬂob
and the aluminum post is in compression.
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