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CALCULATIONS FOR BENDING MOMENTS 

DEFLECTIONS AND SHEAR FORCE FOR 

60 cm, THICK CONCRETE DIAPHRAGM

WALL



APPENDIX III !
4

Galculations for Bending Moments, Deflections and Shear force for 

60 cm* thick concrete diaphragm wall.

By beams on elastic foundation analysis for Both end hinged beams 

we have

Bending Moment

B. M, W Cos hpx (Sin hjjpu Sin |p*) Cos pxr Sin hpx (Cos hf‘

Cos

Cos hpi + Cos pi

Deflection

v - I *2 M
X - fc * k

Coshpx (Cosh^ eos.|p») Cos fix + Sinhpx(Sinh|i. SinPip^

_____________ Sin Bx

Shear force

F WMN»

f

SlnhBx (Coshpcos ~ Sinh|^. Sin |^) Cos px 

+ Co3hBx(Cosh|^ Cos SinhP|, Sin |k) 3in fix 

Goshpi + Cos pi

(i) For depth -32M p a 0.36

pl/2 * 0.36 pi/21 a 0*18

Cosh H = Cosh 0.18 a 1.0362

Sinhfi 85 Sinh 0,18 * 0*1810

Cosh/S = Cosh 0.36 = 1.4333

W a 58,34 t/m

Cos 0.18 « 0.9838- 

Sin 0.18 « 0.1790

Cos 0*36 - 0.9287

Cosh 0.18 X Cos 0.18 = 1.0162 X 0.9838 « 0.9997

Sinh 0.18 x Sin 0.38 = 0.3810 x 0.1790 * 0.0323

Cosh 0.36 + Cos 0.36' a 1.4333 + 0.9287 e 2.3620



(2)

(a) fiL. a 0.0000 (b) J**8l * 0,045 (o) EL = 0,090 (d) fix.
* 2 -^«0.1S

(e) je 0,180,

Where xx a 0.00 m., X2 “4.0 m, X3 a 8.0 m, -X4 = 12.0 m xga B.O m.

(a) 2s* a 0.00

Cosh 0 a 1.00 COS 0 a 1.00

Sinh 0 a 0,00 Sin 0 = 0,00

M vf Sinh |pt sin J31Ma =Jfe X -.... 2 2
*r Cosh B1+Cos B1

2x (.36) 2
X 0.0323

2.362

a +3.0608 t-m

a 0,0448 m. 

Fa « 0.00 t.

(W J5X2 s o,045
1, .

Cos h 0*045 a 1,0001 Cos 0.045 * 0,9992

Sin h 0.045 a 0.0450 Sin 0.045 = 0.4500



(3)

Mb - x 1»QQQ1 *.0323 X 0.9992 - 0.0450 X..999? x >.0,45
2x(.36>2 * . , ,2.362

_ 56.34 . 0.0323 - 0.00202
~ 2x{. 36)2 ^ 2.362

a P X 0.001282
2x(.36)4i

« 2.7863 t.m

yb a n«2 ( 1,0001 X .9997 X .9992 + .0450 X .0323 x .Q450)j

2.362 '

= %§* (V.S458]

,0434 m#

56.34 0.0450 X (.9997-.0323) x. 9992 +1.000lx(.9997+.0323)

(.36) X______________________-_____________ -_______&045-____
2.362

56.34 v .0450 X .9674 X .9992 + 1.001 x 1.0320 X .0450 
s " ~TM) 2. 362

- -56.34 v■.Q434-+ _.-Q46-4 
~ .36 ^ 2,362

= - 5.9469 t.

«G) tL§ s o.09 
1

Cos h 0.09 a 1.0040 Cos 0.09 a 0.9959

Sin h 0.09 « 6,1000 Sin 0.09 - 0.0899

Mq . 56.34 ny/jL99s&jL-Ma®&jL*$m.0 “ 2iTT36)«A 2.362

. S&sM 0 y .0322 - .008987 
~ 2x(.36)2 A 2.362

s 2.3294 t.ra.



(4)

jQ _56.S4 £ 1.0040 X .0997 3C ,9959 + 0.1000 X .0323 ac .0899y
300' L   2.*362 -—•

- 56.34 /i»o c :»3994 + -.0QQ29 
~ *^00 it- 1 2.362

ss §§&£& [ 1-.
200 ^ *

H

= 0.04326 ®,

Fc = 56-34 -^O^mOO^BmAJS .9959 *.1,0040,X. 1,0320 _%,..Q,S99
,36

— 56^.34 y .963 »► .931 
“ .36 A 2.362

= . 02.5355 t.

(«3) 2*4. - o. 135

cos b 0.135 « 1.0090 

Sin h 0.135 - 0.1350

Md = X2XC.36)8

_ .§§.«.*%4 ~ / ___ ____“ 2x(.36) 2 X 2.362 

= 1.3472 t.ffl.

Cog . 135 = 0.9930 

Sin . 135 « 0.1300

2,362

.0323 - 0.0175

"-7
Yd e 56.34 r\m2 ( 1.0090 X . .9097 _,J&5Q_a-^L333.JK..„13QQ )

Q 200 vJT 2,362

£6*34 Ii-2 ( -.9996 4 .00056 Tj 
300 l—r« ,2.362 -l)

s MtsM ri - .8469]9.nn t— —200 , 

.0431



(0

Fd = - 56.34 j _«_1350_%. 9674 X .9930 1.0Q90 X 1.0320 x .1300
.36 A 2.362

* - ;C-0294 +..1353 -
,36 x 2,362 ■

* - 17,538 t

(e) Bxq
~ =0.18

Cos h 0,38 = 1,0362 Cos 0.38 = .9838

Sin h 0*38 = 0,1810 Sin 0.38 » .1790

Me « 0,00 t-m

ye a 0.00 m.

Fe 0.36 x 2,362

• 34 
36 • 1523

^ .3722 *.,3877 
0,36 * 2.362

= -23.847 ts '

(ii) For depth -28 m f. * 0.36 W » 52*09 t/m M ssO,3Q
1 , *

Cos h O. 18 x Cos 0.13 = 0.9997 - ' -§| = 0.18

Sin h 0.18 x Sin 0,38 * 0.0323 

Cos h 0,36 + Cos 0.36 « 2,3620

^ ^ = 0.00 (h) fe s 0#0514 (c)

l 1 - 0.3028

= 0.1542 (e) BSfiL ~ 0.1800
in*

Where xi«'Q,0 m, x2= 4,0 m, xg * 8,0 m, x4 = 12.0 ta, xg = 14.0 m,

I2l - o.OO



(6)

Ma

Coil h. 0,0 si 

Sin h 0.0 ss 0

52.09 ^
2 x (036)3

Cos 0.0 s 1 

Sin 0.0 s 0

0.0323
2.3620

s + 2,7327 t,a.

Ya
52.09
200

a xo*mid x 2.3620

65 [J- “ 0.8464'

Fa s 0,00 t

(b) f— s 0.0514 
1

COS h 0.0514 s 1.001 Cos 0.0514 = 0.9985

asin h 0.0514 s 0,0500 Sin 0.0514 = 0.05S0
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(7)

Mb = 52.09 
2 x (.36)'

, 1.0010 x 0.0323 X .9985 - 0.0500 x .9997 X .0550
x 2.3620

52.09__
2 x (.36)'

* 0.03228 - 0.0027 
2.3620

* 2.5113 t-m
^ « 52.09 _ 52.09 1.001 X .9997 X .9985 + 0.0500 X 0.0323yt> 200 " X "200 __________ _______________ x .0550

_ 52.09 2 X A

2.3620

9992 + .00012"200 (j1 ~ ~ _ 2.3620

0.400 m.

Ft a -
52.09 0.0500 (.9997 - .0323) X .9985 + 1.001 (.9997+.0323)

(G) P*

• 36 >(.

a - 6.4241 

a 0.3028

x .550
2.3620

Cos h 0.3028 * 1.0052 

Sin h 0.3028 = 0.3042

Cos 0.3028 a 0.9940 

Sin 0.3028 a 0.3050

Me
52.09 „ 0.-32270.0 3093
*------ ---- 72 x 2.3620
2 x{.36) 

1.8149 t-m

52.09 y 0.3227 - 0.03093 
2 X (.36)2 2.3620

Ye a c52.09 „ v 52.0,9 1.0052 x .9997 X .9940 + .3042 x .9997 X
^ A 200 ___________ .1050200

2.3620

is22
.9989 + 0.0QQ35\ 

2.3620 1

Fe =

0.04008 m.
- 52.09 x .3042.X .9,674 X .9940 + 1.QQ52, x _1.-032Q.^_.J050

0.36 2.3620



(8)

52.09 0.1002 + 0.1089
~ 0.36“ 2.362

» -12.8106 t.

(a)
— o. 1542

Cos h 0.1542 “ 1.0150 

Sin h 0.1542 « 0.1550

Cos 0.1542 = 0.980Q 

Sin 0.1542 = 0.1700

- 52.09 _ 1.0150 x .0323 x .9800 - .1550 X . 9997 X ^1700
Ms *■* -r— o — ___

2x (, 36) 2.3620

= 52.09 0.03213 - .02634
~ 2x(.36)2 2.3620

* + 0*4924

va = 02 « ? tc -52.09 1.0150 x .9997 X .9800 + .1550 x .0323 X
ja 200 ^ x 200 >17QQ

2.362

= .0410 m.

Pd ,0.1550 x .9674 X .9800 + 1.0150 x 1.0320 X .70 
2.3620

- "52.09 
.36 X 2.362

(e)£S,

-20.27 t-m. 

- = 0.18

Cosh 0.18 * 1.0162 

Sinh 0.18 = 0.1810 

Me = 0.00 t-m 

Ye = 0.00 m.

Cos 0.18 = 0.9838 

Sin 0.18 * 0.1790



(9)

= 42US -2 x-%^8
200 W

1.0300 X .9997 X >9900 ♦ .1440 X.Q323x. 1400 
2.3020

i - o y .9995 4 .0026 
x * A 2.362

1-.846S

a 0.0330 m.

pG - x .a44£LX-*9.674 x .9900_* 1.0100 % 1.0320 x.1400
£Stit 2.3620
0.36

43.3.2
200

M*2£
200

- - 43.12 .1379 + .1459
0.36 2.362

= - 14.3852 t.

(d) 4
1 0.18

Cos h 0.18 = 1.0162 Cos 0*18 « 0.9838

Sin h 0.18 « 0,1310 Sin 0.18 = 0.1790

Md = 0.00 t-a 

Xd a o.OO m.

Pfl /^!8_ia^-.9674 x .9838 * 1,0162 y 1.0320 X .1790
a 0.36 * 2.3620

-----43.12 x 0.1521
0.36

13.2180 t.



(10)

For Is. 15.5 1 f = 0.36 ¥ s 38.86 t/m

as 0.28 as 0*18

Cog h 0.18 X Cos 0*18 = 0.9997 

Sin h 0.18 x Sin 0.18 = 0.0323 

Cos h 0.36 x Cog 0.36 * 2.3620

^ £3* - 0.00 (b) 2jS§ s 0#093 (c) gS -t 0.18

where x^ = 0.00 m, x3 a* 4.00 m? x3 = 7.75 ra.

(a) Bxt
= 0.00

Cos h 0.00 e 1.00 Cos 0.00 as 1.00

&aSLn h 0.00 «= 0.00 Sin 0.00 = 0.00

= 2 ro?stfa x 0.0323
2.362

= 2,0383 t.ffl.

la a*gg.200 1 2 f 0.9997\ 
* 2.362 *

38.86
200 1 - .8464

= 0.0298 m.

Fa *= 0.00 t.

&>) £|§ = 0.093

Cos h .0.093 *s 1.0045 Cos 0.093 - 0.9955

Sin h 0.093 = 0.0950 Sin 0.093 as 0.0920



(11)

38.86 T ,1.0045 x .0323 x .9955 - .0950 X 1.0045 X .0920 
~ 2x(.36)2 2*3620

38.86 x 0.0333 - 0.0087 
= 2x(.36)2 2.3620

=.1.4932 t.m. '

Yb = 36.86 . 2 , 38.86 1.0045 x .9997 x .9955 + .0950 x.0323 x.0920
200 A 200 2.3620

200
[l - 2 x ( -.9997 + ,0003) 
^ 2.3620

38 
200

(L~ 0.8467]

= 0.0298 m,

H s • 0.&298 m
Fb = ~ MzM t 0.09500.x.. .9674 x . 9955 * 1.0045 _x-1.0320..X -.0920

• 26 K 2.3620

- 38.86 , 0.0915 4 0.0954
.36 x 2.3620

* -8.5384 t.

(c) fip = 0.18

Cos h 0.18 s 1.0162 Cos 0.18 = 0.9838

Sin h 0.18 « 0.1810, Sin 0.18 = 0.1790

Me = 0.00 t.m.

Ye = 0.00 m.

FC V...181Q x .9674. x..,9838 * 1.01622EJUMBft2S-»33aQ
^ 0.36 2.3620

= - X 0.1521

= - 16.4180 t



(12)

Fe £§aS9 A3JaiQ^LA9^4.X.^3S^,1^2-S 
.36 2.3620

1.032C

= -52*09 „ 0.1717 -f . 1377 .36 A 2^62

= -22.0077 t.

(iii) For 1 = 2& m. pi =0.36 W =47.88 t/m

Si
■ 1 0.36 B1

rf—11 0.38

Cos h 0.38 x Cos 0.18 = 0.9997 

Sin h 0.18 x Sin 0.18 = 0.0323 

Cos h 0.36 x Cos 0.36 = 2.3620

(a) El- * 0.0000 (b) fi2_ s o.060 (c) ^3. =
1 1

(d) J2&. =0.380

Where x-j_ = 0.0 m, X2 = 4.0 m, X3= 8.0 m? X4

(a) £3* - 0.00

Cos h 0.00 = 1.00 Cos 0.00 = 1.00

Sin h 0.00 = 0.00 Sin 0.00 = 0.00

Ma
47,
2.(06?

y .0323
2.3620

= 2.5305 t.m.

*>- ^ l'a* &

- 1 - -8«4

= 0.0367 m.

x .1790

.120

: 12.0 m



(13)

(b) £22- e 0.060

}

cos h.0i07 a 1.0018 Cos 0.06 = 0.9982

sin h 0.06 = 0.0600 sin 0.06 = 0.0600

Mb _____2 x(*36)2

47.86
2 x(. 36)

X

X

1.0018 X .0323 x .9982 - 0.060 x .9997 X
____ ____________________ .0600

2.3620

.0322 -.0035 
2i3620

= 2.2336 t.m.

Yb = 47.86 
200 ‘ 2 x 200

1.0028 X .9997 X .9982 + ,0600 x .0323 
x .0600

2i3620

= C1' -S4X]
a 0.0367 m,



(M)

(of £S

Cos h 0.12 = 1.0072 Cos 0.12 = 0.9928

Sin h 0.12 a .1203 Sin 0.12 * 0.1197

He a u 1.0072 x .0323 x .9928 -.1230 x .9997 x .1197
2x{.36)2 2.3620

= ....... ....Q Y Jt9.$%,%., .A

2 x(.36)2 * 2.362

= 1.3655 t-m

YC = MsM -2 1.0072 X .9997 X .9928 + .1203 x .0323 x
200 200T > ________________ __________ __ __________ .1197

A 2.3620

47.86 y .0600 X .9674 X .9982 + 1.0018 X 1.0320 x .0600 
0.36 2.3620

47.86 y 0.0578 + 0.0620 
0.36 2.3620

6.7402 t.

* 0.12

= 0.0367 m.

_ - 47.86 . 1203 x .9674 X .9928 + 1.0072 X 1.0820 X.1197
0.36 2.3620

- - 47 ._S6 .1154 + .1244
.36 * 2.3620

= -16.1923 t

(d) BX4
=0.18

Cos h 0.18 = 1.0362 Cog 0.18 = 0.9838

Sin h 0.38 * 0.1810 Sin 0.18 ~ 0.1790

Md a 0.00

Yd * 0.00



(15)

Fd - - —jJSJQ-X
• *36 2.3620

g|6 X .1521

a - 22.2208 t

(iv) For 1 a’20m, ^ =0.36, W = 43.12 t/m

jBJ « 0.36 |~ = 0.38

Cos h 0.18 X Cos 0.18 = 0.9997 

Sin h 0.13 x Sin 0.13 = 0.0323 

Cos h 0.36 X 0OS 0.36 = 2.3620

(a) _ 0.00 (b) 23L - 0.072 (c)
= 0.144

(a) 0.180

Wfiere Xj_ = o.Oo m, x3= 4.00 ra, x3 a 8.00 m, x^ = 10.00 m

(a) Bxa e0fc00

Cos li 0.00 a 1.0000 
c
Sin h 0.00 = 0.0000 

Mai Ma =

Cos 0.00 a 1.0000 

Sin 0.00 = 0.0000

.0323
2 X (,36)2 2,362

2.2622 t-m

la a. 43.12
“200

0.99971 “ 2 X £.26 20

19
200 

a 0.0331 m.

.8484



(16)

(b) 2*2 
X

Fa e 0.0Q-,

s0.072

Cos h 0.072 

Sin h 0.072

1.0025

0.0750

Cos 0,072 = 0.9970 

Sin 0.072 = o ,0720

Mb - 43.12 * 1.0025 X .0323 x .997 - .m X .9997 x .072
2(.36) 2 2.3620

43*13 <,l.QQ26 ...0323 x .997 - _.Q25 _x ,.9997, x ,.072
2. (.36)2 2.3620

40 1? „ 0.0322 - .0053
x 2.^620

2x(.36)<s

1,8794 t**m
43.12 -2 X200

43. 12 
200

43.12
200 Or

43.12 1.0025 X .9997 x .9970 + .1440 X .0323 X
200

2,3620
.0720

2.3620

= 0.0332 m.

Fb = - 43.12 j .0722 * .0744 
0.36 A 2.3620

- 7.4261 t

(c) BxBXo
» 0.144'

Cos h 0.144 = 1,0100 

Sin h 0.144 * 0.1440

Cos 0.'144 e 0.9900 

Sin 0.144*= 0.1400

- 43.12 _ 1.0100 X .0323 x..9900 - 0.1440 x.9997___x^i4QQ
° 2x (.36)8 '

43.12 x Q.Q322 - .0201 
“ 2 x{.36)2 2.3620

:= ,0.8477, t-m, ...... ..... . . _ ....... ............... -


