TABLE 8.5 Shear, moment, slope, and deflection formulas for finite-length beams on elastic foundations

NOTATION: W = load (force); w = unit load (force per unit length); M, = applied couple (force-length); 0, = externally created concentrated angular displacement (radians); A, = externally created
concentrated lateral displacement (length); y = temperature coefficient of expansion (unit strain per degree); 7', and 7, = temperatures on top and bottom surfaces, respectively (degrees). R, and
Rp are the vertical end reactions at the left and right, respectively, and are positive upward. M, and Mp are the reaction end moments at the left and right, respectively, and all moments are positive
when producing compression on the upper portion of the beam cross section. The transverse shear force V is positive when acting upward on the left end of a portion of the beam. All applied loads,
couples, and displacements are positive as shown. All slopes are in radians, and all temperatures are in degrees. All deflections are positive upward and slopes positive when up and to the right.
Note that M, and R, are reactions, not applied loads. They exist only when necessary end restraints are provided.

The following constants and functions, involving both beam constants and foundation constants, are hereby defined in order to permit condensing the tabulated formulas which follow

k, = foundation modulus (unit stress per unit deflection); b, = beam width; and f = (bgk(,/zlEI)‘/4

cos fi{x — a), and sin fi{x — a) are also defined as having a value of zero if x < a.

. (Note: See page 131 for a definition of (x — a)".) The functions cosh fi{x — a), sinh {x — a),

F; = cosh fxcos fix C, = cosh flcos fl C,, = sinh® Bl — sin? pl
F, = cosh fix sin fix + sinh fx cos fix Cy = cosh plsin pl + sinh plcos fl C;, = cosh flsinh il + cos flsin I
Fy = sinh fxsin f§, C; = sinh lsin fl C,3 = cosh plsinh pl — cos Bl sin pl
F, = cosh fx sin fx — sinh fix cos fix C, = cosh plsin il — sinh flcos ffl Cpy= sinh? Bl+ sin2 Bl
F,; = (x — a)° cosh f(x — @) cos f{x — a) Cqy = cosh (I — a)cos f(l — a)
F,5 = cosh fi{x — a) sin f{x — a) + sinh f{x — a) cos f{x — a) Cyp = cosh (I — @) sin f(I — a) + sinh (I — a) cos f(l — @)
F,3 = sinh fi{x — a) sin fi{x — a) Co3 = sinh f(l — a)sin f(l — a)
F,, = cosh i(x — ay sin i(x — a) — sinh fi{x — @) cos f(x — ay Cq4 = cosh (I — a)sin f(l — a) — sinh f(I — @) cos f(l — @)
Fy=a-a’—F, Cos =1-Cy
Fle = 2B — a)(x — a)’ — Fy Cas = 2 —a) = Cao
1. Concentrated intermediate load Transverse shear = V = Ry F, — y,2EIf*F, — 0,2EIf*F5 — M, fF, — WF,,
Y . R, ) w
o Bending moment = M = M, F; + Z—BF2 —YA2EIf"Fs — 0,EIBF, — ﬁFaZ
My )/ w M, R, w
#Wﬁ%m_ l Slope:():ﬂAFl+mFZ+WF3—yAﬂF4—WFM
R 777 %
Ya . 1 ‘J\ Deflection = y =y, F, +%F2+2EA341732 F3+4§;/13F“ 7#FM

If Bl > 6, see Table 8.6
Expressions for Ry, My, 04, and y, are found below for several combinations of end restraints
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TABLE 8.5 Shear, moment, slope, and deflection formulas for finite-length beams on elastic foundations (Continued)

Right
end Free Guided Simply supported Fixed
Left | Ra=0 M,=0 R,=0 M,=0 Ri=0 M,=0 Ri=0 M,=—
d
o 0, — W CyCyp —2C5C, 0, — W CyCu3 — CyCa 0, = W CiCu+C3Cy __w 2C,Cu3 + C4Cyy
TR Cu ATeEl Gy ATeEI Cu ATomIP 240y
()
E y4 = W CiCy — C5Cy yao= —W CiCu +C5Cy Yo = —W CiCus+ CyCy Yo = W CiCu = CoCy
AT SEIf [on AT 9RIp Cyz AT 4EIf Ciy AT oRIf 2+Cy,
Ri=0 0,=0 R,=0 0,=0 Ri=0 0,=0 R,=0 0,=0
<
< M _ WCyCop —2C5Cy M _WCyCis — CiC M _ WG Cip +C5Cy _W2C,Cy5 +C4Cyy
& T Cis 47 3p Ciy 472 140y 47 op Cyp
=W 2C,Cy +CCyy _ =W CyCqy + CyCys W CCyy —C5Cyp Yo = W CyChy —2C5Cy5
YA = E Cry AR Gy YATUEIP 1+ A= 4EIp Cys
s | Ma=0  y4=0 My=0 y,=0 My=0 y,=0 My=0 y,=0
> 3
25| R =wSCe-CCa g, = wCiCa+CsCy R, = W CsCar + CiCus R — w C2Cas = C1Cas
- Cus ‘ 1+ Cy T2 . Cis
” 0, = W CiChp—CCh 0, — W CiCus = C3Ca 0, — W CyCuy— CiCu 0, = W C3Cuy — CyCo
AT 9RIp? Cus AT 9RIFE 1+Cy AT 4EIR [ AT 2RI Cs
0,=0 y,=0 0,=0 y,=0 0,=0 y,=0 0,=0 y,=0
:g R, = W2C10a1 +CyCos R, = WC4Ca3 +CoCu R, = WCSCa2 - CiCu R, = W2CBCa3 —CyCu
<) 2+Cy 12 13 Cn
wcC,Cy — CyC, WC,C, — CsC, wC,C,y — C,Cy wcsC,, — C,C,
M, = W CGiCa = Gl M, = W CiCa = CsCa M, = W CoCas = CyCop M, =V C3Cu = CiCay
4T 2+Cy 4 Cyy 47 2p Ci3 4 Cy
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TABLE 8.5 Shear, moment, slope, and deflection formulas for finite-length beams on elastic foundations (Continued)

2. Partial uniformly distributed load

My

it

A

Y
«—Qa
8y N
1 ]
RA

If Bl > 6, see Table 8.6
Expressions for R, My, 0, and y, are found below for several combinations of end restraints

Transverse shear = V = Ry F), — y,2EIf>F, — 0,2EIf*Fy — M,pF, — %Faz

Bending moment = M = M, F, + %Fz — yA2EIf*F; — 0,EIpF, —
Slope = 0 = 0,F, +

Deflection =y =y, F; +

M,

2EI

F,+

0a
ﬁF

w

2/;2F“3
R, w
A Ry — g pF, ——2F,
i TP P
M, R, w
4 A R4 A F, - _F,
oEIf> * 4RI ' 4EIpT

Right

end Free

Guided

Simply supported

Fixed

Left | Ra=0 M,=0 Ry=0 M,=0 Ry=0 M,=0 Ry=0 M,=0
end | w Gyl CiCa _ W GCu—CiCy __w GGy +CiCy _ W GCu+CiCy
47 2EI? Cy AT 4EIp C, AT R Crs AToEIF 240y
[
i - CiCup —2C3C0s P — CiCas +C3Cu — CiCus + CoC0 P 2C,Cy5 — CyCu4
AT 4EIp Cy AT 4EIgt Cy AT 4EIR [ AT UEIS 2+ Cyy
Ry=0 0,=0 Ry=0 0,=0 Ry=0 0,=0 Ry=0 0,=0
=
< _ W GG — C3Cy _ W GGy —CyC _w GG+ CCy M, =L CiCus +CiCys
8 4 24° Ciy 4 ap? Cy 4 24% 1+Cyy A 2% Cyy
yy=—2 CiCus +CyCy yy=—Y CyCas +CiCs O CiCus — C3Cas O CyCas — C3Cu
AT 4RI Cyy A SEIp Cyy AT UEIFT 1+ Cyy AT 4EIg* [
= | Ma=0  y4=0 My=0 y,=0 My=0 y4,=0 My=0 y,=0
13
—‘: E R, — w2CCh5 — CyCyp R, — w C Gy +C3Cy R, — w CyCa3 4+ CiCys R, — w CyCqy —2C,Cy5
22| TEw G AT2E 140y AT Oy 1T Oy
” _w 2C,Cu3 — CyCy 0, = w  C1Cyy — C3Cyy 0, = w  CyCys — CyCyy _w 2CGCy — C,Cy
AT 4EIf Cys ATL4EIPT 1+Cy 4T 4RI Cyy 47 agIp Cis
04=0 y,=0 04=0 y,=0 04=0 y,=0 0,=0 y,=0
?‘é R, = wC G+ CyCy3 R, — w CyCs + GGy R, — wC3Cu3 — CiCys R, =Y C3Cas — G305
= 478 2+Cyy A7 2p Cig a Ci3 47 B Cn
_ w 26,C3 — GC _w C1Cy = C3Cy _ W GCos —CiCys _ w 265Cy5 — C4Cyy
AT 24 Cy T AT Oy 4o Cu
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TABLE 8.5 Shear, moment, slope, and deflection formulas for finite-length beams on elastic foundations (Continued)

3. Partial uniformly increasing load

Y

My

]

E3

77777
1

>
~> p&a

R

If pl > 6, see Table 8.6

Transverse shear = V = Ry F, — y,2EIf°F, — 0,2EIf*Fy — M,pF, —

Bending moment = M = My F, + -4 Fy — y,2EIf*F; — 0, EIpF, —

Slope = 0 = 0, F, + M,

7A
2Ept

Deflection =y = y, Fy + -2 Fy +

Oa
2

R
2B

R,
A Fy — yaBF, -

2EIR?

&2 P+ 37A3
2EIf 4EIf

Expressions for Ry, My, 04, and y, are found below for several combinations of end restraints

wF 3
2% - a)
wF,,
4p’(1—a)

wk,;
4EIBY (I - a)
wF

F,——_~-a
4 SEIF( - a)

Right
end Free Guided Simply supported Fixed
Left | Ra=0 My=0 Ry=0 M,=0 Ry=0 M,=0 Ry=0 My=0
end ~ w(CyCyy — 2C5C,3) ~ w(CyCy5 — C4Cy3) ~ w(C;Cyy + C3C)  w(2C;Cys + C4Cp)
AT T4EIfNI - a)Cyy AT 4EIFN - a)Cyy AT T4EIBNI - a)Cyy AT URIFN (I — a)2 + Cyy)
fo
E ~w(CyCy3 — C3Cy) ~ —w(CCys + C5Cy5) ~ —w(CyCyy + CyCg) ~ w(CCys = CyCy5)
YA=—"F 5,7 A YA =" 5,7 YA= "o A YA = "7 57 e A L
4EIF (- a)Cyy 4EIf (- a)Cyy SEIF (I — a)Chy AEI(I— )2 + C1y)
Ry=0 0,=0 Ry=0 0,=0 Ry=0 0,=0 Ry=0 0,=0
o
7?3) = w(CyCqy — 2C5Cy3) = w(CyCos — C4Cay) = w(C, Cay + C3Cq) M, = w(2C, Cy5 + C4Cp)
& 4p°(1 - a)Cyy 4p°(1 - a)Cyy 4p°(1— a)(1 + Cyy) 4% - a)Cyy
yo = —w(2C,Cy3 + C4Co4) Y4 = —w(CyCys + C4Cy5) Y4 = w(C,Co6 — C3C44) y4 = w(CyCyp — 2C5Cys5)
A SEIF*(1— a)Cyy AT T 8EIf(-a)Cyy AT SEIf (- o)1+ Cyy) AT T SEIF (- a)Cyy
= My=0 Ya=0 My=0 ya=0 My=0 ya=0 My=0 ya=0
b @
g E Ry = w(C3Cqy — C4Cy3) = w(C,Co3 + C3Cys5) ) = w(CyCoy + C4C) R, = w(CyCy5 — C1Cyg)
& & 26*(~ a)Cyy 2f°(1 =~ o)1+ Cyy) 4f*(1 - a)Cy 2f°(1 = a)Cyy
K _ w(C,Coy — CyCy3) _ w(CyCys — C5Cy3) _ w(CyCys — C4Cas) 0, = w(C3Cys — C4Cys)
AT 4EIF (- a)Chy AT URIB (- a1+ Cyy) AT SEIFN - a)Cyy AT ARIBN I - a)Cy
04=0 ya=0 0,=0 ya=0 0y=0 Ya=0 04 =0 ya=0
§ = w(2C, Co3 + C4Cay) = w(CyCys + CyCy3) ) = w(C5Cyy — C1Cp) Ry = w(2C3Cq5 — C3C)
= 26°(1 - )2+ Cry) 261~ a)Cyy 2§°(1 - a)Cyy 2f*( - a)Cyy
_ w(C,Coy — CyCa3) _w(C,Cy5 = C3C3) _ w(CyCo6 — C4Ca) _ w(C3C6 — CyCos)
T2 U- e+ O T -y, AT - 0ty T 2pu-acy,
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TABLE 8.5 Shear, moment, slope, and deflection formulas for finite-length beams on elastic foundations (Continued)

4. Concentrated intermediate moment

Deflection =y = y,F; +

Y
M, ¢
%
0777777y
Ya !
RA

If I > 6, see Table 8.6

Expressions for Ry, My, 04, and y, are found below for several combinations of end restraints

Transverse shear = V = Ry F;

Bending moment = M = My F, + 2

Slope = 0 = 0,F, + ﬂF

2EIf 2

= YaBFy+ ot

fs b + 2 3
WPTIT: 2EIf

04
aplet

- yAZEIﬂSFZ — 042EIf°F5 — MapF, — M, pF,,

— yu2EIB?Fy — 0, EIBF, + M,F,,

2EI[3

Fay

end

=M, C;Cyy + C,Cyy

=M, Cy,Cypy + C,Cyy

=M, C,Cy + C3Cy

Right
end Guided Simply supported Fixed
Left | R4=0 My, =0 My=0 Ry=0 My=0 R,=0 M,=0

—M, C,Cos + CsCy3

= 04 = 0y =
47 EIp Cy Cy 47 EIp Cuy AT EIp 2+Cy,
@
E Y4 = M, 2C5Cy +CiCou M, C3Cp—CiCy Y= M, CiCy+CyCui yo= —M, 2C,Co3 — CyCyp
47 2EIp Cn Ci 4 TeEIf Ci ATREIfR 2+ Cy
Ry=0 0,=0 0,=0 Ry=0 0,=0 Ry=0 0,=0
<
3 My=-M CyCa + C3C0 _ =M, CyCas + CiCy M= -M, CiCa + C5Cys M, = -M Ci1Cop + CyCs
é’ ’ 12 Ciy o 1+Cy ? 12
ya= —M, C,Co —CiCy M, CyC—CyCu Y= M, C3Cpy —CiCu Yo = M, C3Cp—CyCu
47 2EIp? Ciz : Cyy AT oEIfE 1+ 0y AT ORI Co
- My =0 ya=0 Y4=0 My=0 y4=0 My =0 Ya=0
]
E« :o; R, = *Moﬁ2cgcalc+ CiCuy C@ izz Cclc(ﬂ R,=-M, ﬁcz w1+ CsCas R, =M, ﬁcz azc 2C,Cys
) 13 +0n 14 13
” _ —M, 2C,Cy; + CyCyy =M, C,Cyy + C5Cyy _ M, Cy,Co5 — C4Cyy _ —M, 2C5C,3 — C4Cyy
47 2EIp Cis 1+Cyy 47 2EIp Cyy AT 2EIp Cis
04=0 y,=0 y4=0 04=0 y,=0 0s=0 3,4=0
<
£ Ry=-M 2/304 a1 Cclca4 C4 w2 = CoCat R, =M, Zﬁcd alC CiCa Ry=-M 2/303 w2 — C3Cas
= 2+Cy 12 13 11
2C,C,, + C,C, C,Cye + C5C, C,C,3 — C,C, 2C;C,3 — C,Cy
M. = —pp 261Ca + CoCa . GGz + CsCa _ 2Ca3 = C4Car M, — —p 2C3Cas = CaCa
4 ’ 2+Cny ’ Cip My M, Ci3 8 ’ Cu
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TABLE 8.5 Shear, moment, slope, and deflection formulas for finite-length beams on elastic foundations (Continued)

5. Externally created concentrated angular
displacement

M Y/ﬂ
Y
6a
J?—ﬁ : -
Ya 1 gzo
Ra

If pl > 6, see Table 8.6

Transverse shear = V = RyF, — y,2EIf>F, — 0,2EIf*F; — M,fF, — 0,2EI(*F,,

Bending moment = M = My F, + %‘;Fg

My Ry
Slope =0 = 04 F) + =7 Fy + ——
P! Al 2FIp 2 ZEI[)"

M,
Deflection = F + Fy+——A
Y =Yaly Zﬁ 2EI/32

Expressions for Ry, My, 0,4, and y, are found below for several combinations of end restraints

— y,2EIB*F, — 0,EIpF, — 0,EIF,,

—YaBFy + 0,Fyy

Ry 0y
+—A R, +0F,
i gt

Right
end Free

Guided

Simply supported

Fixed

Left | R4=0 My=0

end | CaCu—2C;Cuy
=0, €20 = 2CsCy
C
% 11
8 0, CyCyps — C5C,
B | oy, = tolaCa = GiCa
ﬁ Cll

R,=0 M,=0
CCiy +CyCys
0, —+——=
12
Y= 0, C3Cay — C1Ca3
YT G

04=—

0 0,

4 C13

3 = P CiCa = CCus
T Ci3

Ry=0 M,=0
ZCIC,J1 +C,C,y
0, 2+ Cpy

_ =0,C1Cyy — C3Cyy
YAT T T a0y

0y =

Ry,=0 0,=0
MA — 0 EIﬂ CZ a4 — 2CBCu3
C12

=0, 2C,Cp3 + C4Cyy
Y498 Ciy

Guided

Ry=0 0,=0

Ry=0 0,=0

Cl a4_CSCa2
M, = 0,EIp—1-0t — Z3~a2
A b 1+Cpy
yo= =0, C,Cys + C3C,4
AT 1+ Cy

Ry=0 0,=0

2C,C + C4Cpp
&P

M, = —0,EIp

_ 0,2C;C1 = CyCoy
4728 Cps

My=0 y,=0
R, = OOZEI/FM
Cl‘d

Simply
supported

C1Cuy = CyCa
o

04 =0, T

M, =0 EI[ICZ w1+ CaCas
Ciy
12t CiCor = CoCag
zﬂ Cl/i
My=0 ya=0
R, = 0,2EIf? GG ad CCdCal
11
Cl Car + C3Ca3

0,4 =
4==0, 1+Cy

My=0 ya=0

5 CyCly — CyC
_ 2 UgLggq 4Caz

Ry = 0, Bl =el =t

—0, CyCy + C,Coy

0, =
4779 Cyy

My =0 ya=0

RA — ()OZEIﬂZ Clca2 - CZC(LI
Cl3
CiCas — C5Cp

04 =0, T

0,=0 y,=0

2C,C,3 + C,C,
— 2EI 2 1%a3 4%“a4
Ry = 0,215 2+Cp

CiCus = GGy
2+ Cp

Fixed

M, = 0,2EIp

04=0 y,=0
Caz = CsCar

Ry = 0,2EIp* G Cas
ClZ

M, =0 ZEI[iCl algcscad

12

0,=0 ya=0
Ry=0 2EI,;ZM
Ci3
CoCaz + CyCoy
13

M, = —0,EIp

04=0 y,=0

Cyps —2C5Cy

R, = 0,2EIf* CoCar
Cll

CiCi — C3Cp
C

11

M, = 0,2EIp
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TABLE 8.5 Shear, moment, slope, and deflection formulas for finite-length beams on elastic foundations (Continued)

6. Externally created concentrated lateral

displacement

My

Wa

?YA

If Bl > 6, see Table 8.6

Expressions for Ry, My, 0,, and y, are found below for several combinations of end restraints

Transverse shear = V = R, F;

Bending moment = M = M, F,

Slope = 0 = 0, F; +ﬂF2 +t—

2EIf

Deflection =y =y, F; + 2/))

AR, +

R,
AEIf

— YA2EIBFy — 0,2EIf*Fy — My SF, — A, 2EIf°F,,

+ %FZ — YA2EIf*Fy — 0,EIfF, — A, 2EIf*F,,

Fy = yaBF, — A BFoy

Fy+AFy

11

12

Right
end Free Guided Simply supported Fixed
Left | Ra=0 M, =0 Ry=0 M,=0 Ry=0 M,=0 Ry=0 M,=0
end
0y = 4,2 %l = 3Cin VIS 02— 8,29 €26~ oCo 0y = 8029 =
11 1 13 11
[
£ C,Cypy — 2C5C,ys C,Cys + C5C, C,Cyy — C,C, 2C; Cyy + CoC,
= _ 4Cas 3Cas _ 1Ca2 + G300 _ 1Ca1 — Gy Cas _ 1Ca + Gy Cay
ya=A4, oM ya=-4, o A, o Ya=—8—— 0,
Ri=0 0,=0 Ri=0 04=0 Ri=0 0,=0 Ri=0 0,=0
]
54 o ’ _ ) ; _
E | by o aomnp GO~ i My = 1y CeCos ~CiCa M= a2 o= i 1y = 21y Cios =i
5 12 14 1 12
_ C1Cas + CyCys _ A, CyC + C4Cyy _ C1Ca1 + C3Cq3 _ CyCa1 + C3Cy
}A__Anf yA—TT J’A——AOW yA__Aaf
| Ma=0  y4=0 My=0 y4=0 My=0 y4=0 My=0 y,=0
28 _ B
S E Ry = A2EIF 2C3Ce3 — CiCyp Ry = A2EIf (&) f::rCCaCat Ry = A2EIf Czcagc CiCa Ry = A2EIR CZCa/lgzcl Caur
@ 2 13 11 14 13
F
2C,C,5 — C,C, C,Cot — C4C, CyCo + C,C, 2C,Cy + C,C,
=ap25 ECN 2Cas 0,=ApB 114+le 2 0, =-Ap2 1C144 3 0, =—Aap2% 1cm 1Cas
0, =0 y4=0 0, =0 y4=0 0, =0 y4=0 0,=0 y4=0
o
_% Ry=A, 4E]ﬂiw Ry =A, ZE][;‘*% Ry =A, 4EI/15% Ry=A, 4EI[33%
= +0n 12 13 1
M, = A2EIf 201(;11*0(:20@ M, = A2EIf C1Coy = C3Cp M, = —A2EIf CZCQ]CJ:C/‘ Cus M, = —A,2EIf ancachr CiCuy
12

11
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TABLE 8.5 Shear, moment, slope, and deflection formulas for finite-length beams on elastic foundations (Continued)

7. Uniform temperature differential from

top

Ma

it

Ya

to bottom

Y

T,

(7777772
s —

R

Ra

If pl > 6, see Table 8.6
Expressions for Ry, My, 04, and y, are found below for several combinations of end restraints

Transverse shear = V = Ry F, — y,2EIf°F, — 0,2EIB*F, — M,fF, + i ; Ty yEIpF,

Bending moment = M = My F, +

Slope

0
Deflection = y =y, F; + =2 F, + F.
ellection y yaty zﬂ 92 ZEI/jZ :

Ry
2§

—0=0,F +

My

Fy — y42EIf*Fy — 0,EIPF, —

M, R, -
o Fy+—— 5 Fy —y fFy —————=
2EIf 2 2EI/52 3 — YaPFy

y—A g1 72,
4EIfP Y up?

T

t

Ry , T,-T,

=g, - 1)

Right
end Free Guided Simply supported Fixed
Left | Ry=0 M,=0 Ry=0 M,=0 Ry,=0 M,=0 Ry=0 M,=0
d )
en 0, = (T, = Ty)y C,Cy + C3C4 — Cy 0. (T =Toy C24C2 0. T =Toy C24+Cy—C, 0, = (T, _‘Tm C,Cy 4 C5Cy
Bt Cn A 2pt Chy A Bt Cig 26%t 2+Cyy
e 9 o
E _ —(Ty — Ty)y C? +2C,Cy — 2Cq Y= —(Ty, — Ty)y C,C5 — C, Cy Y= —(T, = T5)y C,C, + C3C, = Gy o= (Ty — Ty)72C,Cy — C}
4 2% Cy 4 267 (o 4 Bt Ciy AT o 24 Gy
Ry=0 0,=0 Ry=0 0,=0 Ry=0 6,=0 Ry=0 0,=0
=]
% M, = (T, = To)yEIC,Cy 4 C3C4 — Gy M, = (T, = Ty)yEI M, = (T, — To)yEI C2 + C3 — Cy M, = (T} = Ty)yEI
5 t (& t A t 1+Cyy t
ya = (T, = To)y Cy ya=0 (T =Ty Gy ya=0
AT TR O AT TR 140y
= My =0 ya=0 My=0 ya=0 My=0 ya=0 My=0 ya=0
> @
55 (Ty — Ty)yBEI2C, Cs + Cf — 2C; (T} — Ty)yBEI Cy,Cy — C,Cy (Ty = To)yBEIC,Cy + C3C, — Cy (Ty — To)yBEI C5 — 2C, Cy
BE | Fa= t @ Ba= t 1+C Ra= t [@ Bae——— 7,
0 g« 13 11 14 13
@« m m m m
(T, — Ty)y 2C2 4 C,C, — 2C, 0, - N =T GG + GG, 0, - L =To0 GG~ GG+ Gy (T) — Ty)y 2C% — C,C,4
0y = AT " 9sr 14C. A="om C O =123 =2
2/t Cy3 2t 1+Cy p 14 2t Cy3
04=0 y,=0 0, = ya=0 04=0 y,=0 0y = ya=0
g (T, — Ty)y2BEI —C, R,=0 (T, — Ty)yBEI —2C;4 R,=0
2] Ry = 1 3icC. R, = 5 .
= o 1. — (1= TopEI i 1. — (1= TopEl
1. - (11 = TopEI2CE + C,C, - 2Cy 4= t . — T = ToEICyCy — CiCy + €, 4T ¢
A= t 2+ Cp, A t Cis
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