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This instrument is adapted to
triangulation, precise {raversing
and repetition of angles, day and
night work, mine sutveys and
precise tacheometry,
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Alidades, Plane Tables, Air Sur-
veying Iquipments etc,, are of
highest preeision and constant
acguracy.

Please ask for estimates and
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A PROBLEM OF TALL BUILDING FRAMES.
%3 2,

The problem described in Messrs. Witmer and Bonmner’s paper, pro-
ceedings of the American Society of Civil Engineers, 1936, p.1 can be
eaaily solved by analytical method. In the building shown in Tig. 1, let
us give the footing A an upward vertical deflection A, determme the

horizontal deflection A, of the building at the level of — 1
the nth, floor beam; then, by the well-known Maxwell :39
reciprocal theorem, the vertical reactton at footing A for ‘ 17
unit horizontal load at the nth. floor level is equal t AA':“ ':65

In order to have the advantage of symmetry, for - 1a
buildings with a vertical axis of symmetry as in the case [~ | ':
of our problemn, instead of giving an upward deflection Ay ' | .
to the footing 4, we may give an upward vertical deflec- i
tion % As to the footing 4 and a downward vertical deflec- s
tion } As to the footing D. The horizontal deflection Aua f
at the nth. floor level will remain unaltered, so the b
vertical reaction at the footing A for unit horizontal load - 15
at the nth floor level is dgain equal to i”: 2

In a similar ma.nner, we 'may gn;fe anupward vertical —1 ¢
deflection § A, to the foothing B and a downward vertical | i ;

deflection } A, to the footing C, then determine the horiz-

ontal deflection Ans of the building at the nth. ficor level, Fig. 1.
ﬁub

and the ratio will be equa,l to the vertical reaction at footing B for unit

horizontal 'load a.t the nth. ficor level.

For convenience, we shall designate each joint of the building by a
letter and a number; for example, the point of intersection of column X and
the nth. floor beam will be known as joint Xn. Let Mynnysy and Mxinigye
be the moments at the ends of column Xn—X(-n+ 1). Let M.xy and M.yx
be the moments at the ends of beam Xn—¥n. Let:
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Then

ly=length of outer beams,
lz==length of centte beams,
h=length of all the columns,
Iy =moment of inertia of outer columns,
I:=moment 6f inertia of inner columns,
Iy =moment of inertia of outer beams,
I, =moment of inertia of centre beams,
L1y T
I\.; =__h_ IL = 7: s
fs , Ky=12.

K;= 7,

1’4[3 n{n41)y = 31.4 (n+1in 1y

Q4 (n+1Dn™= 8

Rdn (1) = GIK (2 )
1r1 ( 2 M aiyn— M usn ),

9 Y

)

ga (s t1) =g Mo crtny ~ Mg urayn ),

[£5;} {!l+i)]l = 8 ( 2 ]IB (a41}n=—" 3!81: (n-11) ),.

e L

Luyp= SKs (2 j'I"l ."S‘_ M"B.-!):

Cugt= 6} (2 Mls.__s"uvﬂ.-m),
1

o

aso=gK: (2 Mugo- M..OB)._ sity Mone.

- Mamin=2 Ki (2 ﬂ.mﬂn’*'“.«(smu),

Myniyn=2 K; (2 040 +2 @ 1ninn),
Man(n+1)-2 K, (2 ass{n+l)+a3(n+1)n),
Ma(n-m"-? Kz (‘lls‘u{n-i-l)'l"2 “B(H—l)n) s
M, 5=2 K5 (2 an._-s_ni-aun.-s_)_,
Mups=2 Ky (ausp+2 aunss
M._.f,c‘:ﬁ Ky tupe.
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It may be proved that

0-_.4»(»-;-1)"' Oy yp == asn(n-{-,l) = Qug (= Oq(1)n — Qa1 4B ™ QB (a1 yn — On-t1) B4 = Br1e

For upward deflections % A, and } A at footings 4 and 2 and similar
downward deflections at footin gs € and D, we'may prove that

0410~ Q4= Ap1o— o1 =1,

L FTN '=0lrm. =_31+IE (*é“—z':—l@-) )

—_ As — A An
“ﬂﬂA“ﬂngc—E( 54, I )s

h
.'_\na +Anb=_ﬁ:— {'n a‘m{-“n (u.dlu—u.&_lz)

— (n—=1) (%491~ 0443)

- (n—2)(a,zs ‘—-"-.184)

R IR LI T TR IR R AR R TR R T )

= {04 (r—1y (=—2) — Xy (n—1)n) }

}!{_ Au - A
win (s (Sn)
—(n—1[ay 15431 — {01,p4Be) ]
-~ (n—=2)[ ey 45482~ (asp+BaN]

L L Y PR Y YT R R I IR IR IR LY

- E‘-‘(fa—n.w +Bra~ (@—nan+8n )]

I

‘nk N R 3
= 2.11 A, — Ap )+T( B1-+ ﬁzfﬁs 4oee 48, ),
where E=elastic modulus..

For convenience, we may make E=1, and make h as unit of length, then

Arat Do =57 (Ba — 80 )+ (ButBetBastoroHBa)
The moment equations at joints 4n and Bn are
2 K1(2 ann+0-1342+3 Ba )+2 K3(2 quss +'ana_-|_)
+2 Kl(Q uﬂl18+u(l‘l+l)-‘3+3 \Bn_i'_l)_z(}--n-u TSI I R LI ToLT uonu.n.oo ] (1)
2 K! (2 a"ﬂal.-‘_'u(n—l)ﬂd +3ﬁ’l ) +2 K3 (2 aﬂB.{.+0ﬁA:B)

. As ~— Ab' Ab.

+ 2 Ks (2 a“.ﬂ';i-‘-d(ﬂ"{-l)ﬂ..{;l' 3 ﬁll-{—l) s{Jrerven uuoo-nhs.o.uuoocoou 7Y (2)
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The ghear equations for the columns below the nth. and the (a4 1}th. floor
beams are
8 Ky (a1 antansp+2 8. )46 Ko (a—a3p1+ang s F2 Py Y=00nieiiininn i (8)
6 Ky (@ yp o an+2 Buss) +6 Kalanss +a,41p542 Bat1) =0seresassrennsnn(4)
From e;luations (1) to (4), we obtain
Ontn = G R Ka— 1{,1&3-;.5 KK,
-3 .I{.i(fi'l—‘-’ o) ] ongy B (K14 Bo) (@14 +Qtnitypa)

{ —[2 K247 KoKy — 0K Ky —4 K K

s IQ(K;F2 Kg)( .'5«2';1 Ab _ ,?: )} ..... wrerseevosmnsensesssrannons (5)

. 1 ) ’ o T -
AT TR (6 Ka 8 Ky +3 K ) — K, Kq} {" (2 B2 Balat T B K

-'—;41?1 '2) Cnap _-I-IQ(I{l +Kz)(G(-n-—l)_43+ﬂ(n+_1).-:b)

.+9 K!Iivd ( .‘Ii_azﬂ_ilﬁb — 1?: )} PR A N VIR J Ay AR T AT IRV E ISR R .(6)

The eq’uations corresponding to equations (5) and (8) for the bottom

story are
— 1 ) — - . o —_ > _ = I
oY CTy <3 CET 3.y { [2 K3+7 Kol —~2 Ky Ky —4 KKy
=3 K (K;—2 K3)] 0y5,+ Ko (K1 + Ko) ( Oypy +%Eéi)

_3 Kq(Kx“_‘Ks)( Aaé;tldb'_" ’%: )} .....;'...a...‘...........-..........(7).

- 1 | (2 R
LS ¥ ”Kl (6 K2+8 K3+9 K&)""Kszi { (2 Kl 2 X!KS +7 K1K3

---4'K1Kg)' a1_4"+K1(K£+Ks).(“2.4#+ Aﬂz';lAb )

y (A=A AsN) - .
+9K1K4( 231 ) —— !2 )} -------- 0lla.o.oo.!clllnl.olnooau!ﬂoi..otnll.(8)

Let m be the total number of stories of the building, the equations
corresponding to equations (5) and (6) for the top story are
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_ 1 f-_ -5 -
Omin= 8 KeKs— K1 K:+3 K1K: l [IL:+7 Keks—2 K:Ka =2 Ky — K

-3 Kq(Iﬂ—Kz)] amg,4+Kz(K1 +Kz) G115,

-..3 K’(KI—K!)( Aﬁ2_;1¥3.b - 4?: )}..n.o-tuc.ou.uno.u.o:o ------ ...(9)

- 1. e ., .
ma ;mtsxmsm-&-s‘am)-—m&ii (K1—2K:Ks +7 KiK;—2 KiKe) s

+KIL’KI +K2) l"l(m——-l}_43+9 _“KIKJ( &azh;!Ab -_— ?j )}al. PeR et banes (10)

Take Messrs. Witmer and Bonner’s Case Al, we have
Ki=K;=04, K,=K; =0.25
h=1, ILi=l=1.8
Substituling in equations (5} to (10}, we obtain
01.45=0.19277 025, —0.25916 a1, +0.11672 A, —0.22967 A, ,
@54 =0.125 a2, r—0.070313 0y ,,+0.14893 A, —0.36865 A,
Gan =0.1927 7 (ot mi & Alns1y 51 ) —~0.28916 Gups +0.05648 Ao —0.16943 A,
o= 0.195 {0ty gt tin1y 1) —0.070313 @'+ 0.10086 A, —0.52059 As,
tman=0.27T119 atn3)ps—0.54287 tnz,+0.07945 A, —0.23885 A,
s =0.15383 agn_i, 5—~0.16346 @, 5 +0,13522 A ~0.40565 A,
" The values of Onyp’s and oug,’s are evaluated in Tables 1 and 2. The

detail calenlation of the value of vz 45 18 a8 follows: —

. _ 0.05648
0.04499 -0.08177 = . 0.01322

- 000250 -0.00332 = ~0.00082
0.00027 = 0.060043 = = 0.00016
= (.000024-0.00004= 0.00002
- Total - 0.08874

Check: * 0.05648+0.19277(0.12547 4 0.12217) — 0.28916 x 0.12269
=0.056484-0.04774-0.03548 =0.06874.

The other valnes of o’s are calculated in a similar manner. A_bofre the

0.19277(0.10986+0.01367-0.10986) —0.28916 X 0.10986
0.19277(0.002064-0.01000) —0.28916 X 0.01148
0.19277 ( ~0.000114-0.00153) ~0.28916 X 0.00149
0.19277( - 0.00002 =0.00010) —0.28916( ~0.06013)

U

8th. floor Iével'the values of rip's and cap,’s will remain constant, those

for the_fe\f top stories 'bein_g.excepted. The values of %ﬂa and i,: are
evaluated in Table 3 and 4. '
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TaBLE 3. EVALUATION OF Ana
. n

. ) k N "
[ Unyp Gng.4 Ba ? *i—a‘ |
1 0.09717 - D,15123 —.21835 00042
2 0.07300 0.11547 -0.11172 0.2949
3 0.06874 0.12270 ~-0.09748 0.5100
4 0.06835 0.12217 -~(}.09549 0.7270
5] 0.08325 ©0.,12213 ~0.09523 (.9442 .
8 0.06825 3:.12212 | -=0.09519 1.1615
7 0.06325 - 0.12212 -0.09519 1.3789
10 | 2.0308
15 3.1173
TAaBLE 4. EvaLvpaTiON OF Anb
: b
n - Ongp Crpq X 8 —%%
1 ={.18959 -(}.38137 0.29399 - =0.0135 -
2 -0.20837 -0.36416 0.28587 -i3,0401
3 -0.20415 -0.36689 0.28589 —0.0668
4 -0.20486 -{3.36630 0.28555 -0.093
5 ~0.20472 —0.36640 0.28557 -0.1206
B ~-0.20475 -0.36637 | 0.28556 - ~0.1476 - |
7 -0.20474 -0.36638 0.23556 ~0.1745
1o | 9 T -0.2553
15 _' -0.3900
Above the 5th. floor level, the gemeral values of ‘i"“ and “‘Lﬁ_':' are
given by
A'.“' (‘§>“<1‘1'é‘ .—0.09519 ).—_0 21731 n—0.14232,
And

= -0, 12068 (n-—-5)( TXTE —0-28558 )= —0.02694 n-+0.01407.

Addltlona.l calculations are neceasary when the vertxcal reactions for
nmt horizontal load at the top fow floor levels are required.
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This methad can also bé used for the determination of the _hoi‘izontai |
reactions and moments at the footings of the building.

A
. Let R_..f '—'-*—Aa s
An
Byp= ﬁ: ’
Rn
“ T R,

The approximate values of R; for various values of K’s may be detcrmined
as follows:

Let @y, ap, and 8 be the constant values of assp, anp, and Ba for the
intermediate stories. Let g, and B, be respectively the wvalues of B for
vertical deflections 3 Asat 4 and D, and vertical deflections § A» at B and
C. By equations (3), (5) and (6), we have

Ky aip+Ke aps+ (K1 4+ Kz) B=0r-rerreceeicrissasensssrsoscsnsnnncn (11)

= o] N -2 i 4
P KKy — KaKa +6 K;Kz[ _ 12 R:4T _K’Ks 2K Ks— 4 KaK

—8 Ky(K1—~2 K»)| qa.rl‘Kz (By+Re) X 2 any
—3 K (K. ~2 E)(_é"_l':_é}’___ Ay )]

24 y

T8 Kk~ K K3 +6 G Ky

[— 17 KoKy—~2 K1 Ka—6 By s

~3 Ry(Ki~2 Ka)] ans— 8 Kol Ko~ 2 Koy {25780~ 28 )] 1)

o e

- 1 . e e
Ba= iK:;(ﬁKs-i'SKs-l‘-QI{;)—KQK;[-[ (%Kl 2K2K3+7K1£?s 4K1Kz)a,4g

+ Ky (B1+Ka) x2 8,549 Ky K, (Do =80 Ab_)]

[ PR N

= | K, (6 Ke+8 Ks+9 Ky) — KoKy } [“( 2 K Ks+ 7T K1 K3~ 68 Ky Kp) a4y

+9K, K. (ﬁzzl:é&_%n.. (13)
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From equations (11) to (13 ), we obtain

_Af’Arr—tA‘ A'j.
b= 51, )

where _ A= }L4 ' "'18 K.K» 6 KhiKe—KiKe:— Ko K3

—2K» . Ky !
B=(K,+K:) }éf‘zK}‘ﬁ 12 K K +1§1K3+K2K3
| A Aq _AA (] 1
Hence ﬁ 2‘8[ b} Bﬁ I ( 211 +Z_g).
L3 .
Now Anet Anb=-§—§1 (Ac = Ab ) +By+P24Bg+ B
—211“(&« Dy ) +nx aver. By
Aa A Aa = A; .13 .
{ 21, . —( 1A L2t )} approximately.
- Hence B,= i =—2—,-:?( 1+ ?),

—Dwy 1L, 4/1 , 1
Bp= Ag - n¥2f + B\'2'I1'.+ [y )’

Rr "“{2111 B(2£1 l]; )If

75 ( 1+ )
.24k
 (4+B) I °

The approximate values of R; for the various cases in Mesars. Witmer
and Bonner’s paper are calcuiated in Table 5. For comparison, the values -
of R; taken from the paper are given in the lagt column of the Table under
| the hea,di'ng R,-;. |
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TEMBEEMEEARRARLEZ2GERBEY 2 LU %
52 W5 ¥ 4 W B B R (vertioal curve) DL 3% Bk B ehub U 5% F M
BEAHECHB T RERER AL FISAR RN A ER
2.2 48z 7 F.

R SMEERR s EES UEH AR RERERZ X
MEBBREEBREFFEBEY AR LA DL RBBEREE
BRESBAARZREXBEAZ LEXREBTAZ = hik
BHAZEEUAR ISR RHEEEZREZREERE
EREXR L,

Ll L%ﬂﬁZ&&ﬁammﬁﬁwﬁﬁﬁ@ﬁ&
% % 2 # B (Sighting Distance) 5 0 A% % J% ¥ W0 57 e .75 0% W #0
FEAR S OF B E R R 8 B K TS L A Bt E o B M LW AR
BEXGRASEFI O B WA S RE 2 58 i R Es
BT I W R IE M UK I A B AR T S R O B e 2
e SR DA B 18 2,06 0 8 0 P OK B T 49 TR SE X 90 3 M) (Broko)
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RTRAXRFBREEMAAN (~HRAERH)
O = B 5 4
H = i HE
Gy = fi % .56 5 83t
Ge = I F 9 B8 6 7 203
A=W EHREZZX A
GimGe= WM % B B 2 R 857 B F 8,
Re=BHBZEE |
D=l EA,
L = &2 & K.
ZoBR G B GeRATHRZLES [ 8% EH
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Avec AB=L..

0

Eh i ﬂ Zaﬁf *ﬂ-

4&=_4a¢745=tan“1G1+ta.n"1Gg------m---mmmmm-m--(l)
R AN O = f J
R2=($)i+(R—H) & R*=(L)?+R*—2RH+H2
H'+ ()
S.R= T""""'""""'”"“'"""“"-""""""""'ait(g)
TE S M 2 T AR R B hE A 4

IR : 5'17)00 .C-ll.l'.l Y N R N YRR L] l‘..l.ll‘....'ll......}li&ﬁ(g)

1= 100x % s e s s AR (4)
HEBH NS Z,
(B—B ) —BHEZREEFBIRERRERS ST
¥ B,
() G =Ge ( WA 8 EBEHE)
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B H = 5%, o= 808K, Gi=Gy=63

H2+(£) 0 2 9541750

MR = —g S = 306K,
- 5730 - 5730 . SOF QT QR
D R 3065) --1004-4_ -8‘-].88
~tan—T 8 4 tan—t _8 _ gmpra0.6'= 6059 =
A = tan 106 + tan 06 = 3-26'4-3°.6'=6"52"=6.87

Cr o rone A 687 o,
. oa L = 100)(—1)— 100)( J.SS‘J = SGOFR)

() (Gr1:Gi EFHERMEH)
BG +5%G=~7% c RHZBKEABMER D
2 B &
A = ta.n“ﬁ}‘;)—d +tan~t -1-3—0 =250 +4 =652 =67 A Z B
I & b LB 28 365 R,
(R fu T M R — B RE A
G~ 12% Gi=0% o K H¥ ¥ F RA
A = tan! Gy + tan~ Go = tan 124 0 =2 +0°= 6,878 A
B D% A #2.8 L 5 25 365 W,

5 — 61RO (2) RS MM B R 2,8 A 40 i R B A
ERBBEERERSEBEMNMAERE LEXREE LB XL
R= AT+ G—(—Go) 3 55 12 %0 & i B 2 B I 06 46 % 4 — .

G = B)- BT B HE R BOE R B B IR ST A AR K N
B .

B Gi—Ge=12% Hm3 R, oy 350 ) 37 = 500 %,
| il%t’_%(%)‘a 51 H |
LU R=—gg=—gx5 622N
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A B 68T
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HEFABZ2ERERBEZRBERG EL B IR L8 EX
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(B=p) —BENREXAALSETFTBTEEZREES
B &,

B ¥ = 51 B 2,8 C=500 R, H=5 R, FG.~Ge=129 A L.=7501R,

i1 Gr— Go=16 6 0 R H 4 LR {5 48 6252 7,D {5 4 0,916°,

m A= tan™ 5o —9‘10
- L= 100 09916 9951R,
I G1—Ge=8%¢,c ﬁ H{p & kR D{H & 0,956%8
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L'==' 100 % -[-'4;951'—267=500%
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2L Bk R o 7 B LB B R O B LR 8 605 IRH B
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=2500R,
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# —: No. Kiernan - Terry_: Double - acting steam Pile Hammers
British steel Piling Co.

Size Numbers " 9B, | UB
| Net Wt. of hammer 1bs. - . 6760 13185
| Te. ' 3 r 5.9
| Wtof Piston or Rom. Ibs. 1500 3625
Over - all dimensions height, irom top of eye bolt to 7, g i 10-0"
_____bottom of jaws ' !
Cylinder dia. (in.). o S‘/" 129/8
Cylinder Stroke (in.) o 16 ! S0
Strokes or blows per min. : 140 | 120
Kvaporation of water Per hr. reo, from boiler to actuate =
hammer at max. speer](lbs) ) i-1200. 2400
Compressed air reo. (of fres air per min.) Cu. ft. 400 | 8C0
Siz of base(in.). | 1 e

E R AT T 450 48 5K o 8 4588 B W ¥5 B % 5 #i(Pontoon)—
2 Knold” i J 52 . 00— B 0 0 66 AT DL B B2 5 B
PER YT LN SEF Y2530 FIUS 33 TS X F
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CONTENTS

Introduction
Dimensions of the bridge
Maximum moments, horizontal thrust and vertical shears at various
poi nts due to concentrated live load
Moments, horizontal thrusts and vertical shears at various points due
to uniform load W lbs. per foot covering the whole span
Maximum moments, horiz_ontal thrusts and vertical shears at various
points due to uniform live load _
Mbments, horz_onta_.l thrusts and vertical shears at various points due
“to dead weight load of the bridge
Moments and horizontal thrusts at various points due to earth pres-
sure backing behind the vertical walls.
Moment and horizontal {hrusts at various points due to temperature
increase

Diagram

I. INTRODUCTION:—For the convenience of designers, analysia aTe

made for bridges with-different height-s;xin_ ratios. Moments, -thiusta_ and

shears at various points due to live load, dead load, earth pressure and tem-

perature are ca.leulated and plot_ted AS CUrVeES.
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AlLL the bridges analysed have vertical membém_ of uniform eross
gections. ~ On the other hand, the cross section of the horizontal member is
variable, being smallest at the centre, and biggest at the ends. The cross
sections of the _hofizontal member at different points are to be determined
by équations (1) to (3), 80 the axis of the top member is a curved line. In
the course of analysis the curvature of this axis has been neglected.

As time is not available, only the bridges with m =2 are analysed.

II. DIMENSIONS OF THE BRIDGE:—Let the thickness at the center

E- —d- -3- —2 - - oo 7~ -2- —3- —& —i |
_ ¢ )
_ tol vy
h

{
!
!
|
.
|
!

L >,

- Fig. 1.

8
F 3
4
e

of the span, at quarter points and at the ends be 4, [1+ w{(m—1)1 £, and
m i, respectively. Lot the thickness at any pbiﬁts be gifren_ by
bty (L4 P2 4+Q 28)E rerssssersinsussniansessss s sras (1)
where «=distance from conter of Bpan,
at quarter point and at the e'nd-, we hla.vé
[145(m—1)1% =42 (143 L P+ Lt @)
and (m t)3=t,® (141 L* P+} L Q)
where 'L=span length,
m=ratio of the thickness at the end to that at
the center. |
solving these equations, we obtain
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4 1 _ 800 Y |
P=—5 [ T4 o (""T-")’] e 2)
- ]6 r 1 — | 4000 ]...llll..!l' LR ITRY TN i
and Q L + (m+9_53 ( ‘)
-Now, we take the value of m to be equal to 2, then,
P=—4.4581/L%
and Q=1.9162/L*
Substituting in equation (1), we have
=1, (144581 - +1.9162 )"37f ...... eveemeer(4)
The values of ¢ at varions points are ealculated in Table 1.
TABLE 1, VALUES OF { AT VARIOUS POINTS
Point E P | Q= (1 +Pa2 4020 ' -‘:—: | Difference
. - Q. '
c o 0 o | 1 1
1 01| —0.044581 | 0001916 U.957335 1014600 [ 0.014830
2 102 —0.178324 | 0.015330 0,83:006 1.061109 | 0.046500
3 (03] —0401229 | 0.051787 | 0.650308 | 1.154100 | 0093000
4 0.4 —0.713296 | 0.122637 | 0.409341 1,346800 0.182700
E |05 —1.114526 | 0.239525 .| 0.125000 2 00000 - 0.653200

Irom the last (;(ﬂﬁmn-of Table 1, we see that the difference between

two successive values of ¢ is aiwq.ys increasing towards the end of the spah )

so the curve of the lower side of the bx_-i&ge has no poi_ﬁt of inflexion within

the limits of the bridge and equation (4) is satiafactory‘.'

Let T, be the moment of inertia at the centre of span, then the moment

of inertia for other points are given by

1 1

=1 ( 1-4.4581 7 oy 0162 ——-)

1 1 -
or 7= -I—o( 1—1.1145 —+0 239525—-)
whara.- l-.—__-—gi.
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Fig. 2.

Tet Fig, 2 repres.ent the elevation of the bridge divided up into two
paris at cottre of span and loaded as shown., The bridge is symmetrical
about the vertical line through €. Let X, ¥ and Z be respectively the
horizontal thrust, ﬁertical_ shear and moment at point C, the centre of the
span. Let A, A » and A: be respectively the horizontal, vertical and angu-
lar deflections of point C. Taking the 'origin at O and y— axis downwards,
from the right half of the bridge, we have

_ e (Xy4+Yx+Z)yds .3 (z~a)yds

._ JB (% yg u“+ Glnyg w.e)?".ds.......'..l.‘ll‘fllC.I.Illl..ll..-l...(.5)
I -
: E

_(® (Xy+TatZ)Xds [P (a—a)zds
Boy = f, 5 pfy fmged

_ f (k ¥ oy by Fougdads

p 1 loon..o--ono--ooonn---us-oop.(ﬁ)

e "(X?J.-i- Yz+Z) d9 : B (z—a)ds
EA;_-—_IC e _ -pf E=p=

. JB (3 ¥2 wy o y® wy)ds

E 1 'l.'.l.O.l.“'...l;lll..l (RN L] ‘-.._.(’z’)

The values of ._t-h'e i_nte'grals in the above equations are evaluated as

follows:
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[} ”ﬁ—‘*=— (1 11145 55 +0.239525 2 )ds

=T
I,

l)

(1 —~0.371540. 009881) 0. 688381——0 34419——-

fﬂ-ﬂ=i l(m—uuo +02‘39525 )dm
¢ 1 PR AN

2 (0 . e o L1
= I—u( 0.5—0.27862540.04 1905) = 0.‘26928T—= 0 .06732T

o 0
J'E’ a:;ds 1 J'l (a,? 1 1145 +0 239'325 )

C

I8 13 I8
= T(0.33333—0.2229+0.036921)=0.150354 - =0.018794 7~
0 . 1] Q

E (a:-a)ds__J‘E :rds_j'ﬂ :cds_fﬂ ads
.fp I - ¢ I J 1

—-—(o 08732 L2—0.5 a?+ 1, 1140 —0.38324 7

x4 11
L*Ja -

[ 1—0 3715 +0. 059881
=1 (0.06732 L3—0.5a2+1.1145% 5 —0 38324£)
=7;10.06732 L2~ 0.5 + 1114575 —0.38324 75

o I ) a a.g' ’ at
| —1—0(9.34419 L-a+143655 —0.479048 %)

| =31—(o.'06732 L2-0.34419 La-+0.5 0"
~{0.08

-0 3715— +0.095808 75 ) |

'fE (:c-—ti)xcis_ J‘E z"ds_““”.x?ds —a,J'E xds
Jo I Je I Jerl Jo T

) ' ' R 5 : 3
=.}__(o.018794 1,8 —0.33383 a.3+0.89]6-£; —0.316366 %s—)

- —(0 06732 L2—0.5 0 +1, 1140-17-0 33324 )
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- %-(0.018794 18—0.08732 L2 a- U.16667 a?

u
—0.2920% 1'0.063874 % )
=SSR T L

Let the thickness of the vertical walls be also 2 #; the integrals along

the wall EB are evaluated as follows: —

J‘" ds _ (" dy Rk

E 1 - © BIOH 810
.J‘B g;—di_ 13 yds_ h2
?‘; E 1 0 SI _1619

J'B |U2 d& —"f.‘l y'.’ dy _ k3

'-J-B y® ds p ysdﬂz B4
E 1 o SIQ 3210

g I a SIU R 10 Iu

Substituting the values of the integrals in equations (5) to (7), we have

A =2 oLy L_NWBp g Rt w B
BLA: =75 X+- 2 Y+ Z ( L) TR A BT T
_B L_ NP p_ 2w~ .
_T —J ( )IBP s 240W2 ®)

ELA,= ><-*+~X+(0 018794 L8+-—>< ) Y+(0 06732 L=+ x g )z

—p | 0.018794 L~ 0.06782 L#a.+0.16567 a3 —0.2229 -~
L_»k }_ | O W

a® A
PO O
—Gh X 2 X 33 We
- ———X-i-( 0.018794 4 Lk )Y+( 0.06732 I3+ ‘;‘g ) Z

-~ {0 018794 L3—0;06732 L2z +0. 166_67 as _0'2229 %

L - \NIh) IA ., Ih®
+0.063874 55 +( )16}7'9?“W‘ 3ag Ve (9)
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- xifo.0a732 L7 i»h_ ( | B
BIAs= 5 X+{ 008132 L7 45 x5 )Y+ 0.34419 L+ 8,) z
-P {0.06732'L'~‘-—0.34419 La+0.5a?—0.37 15“—';

5 _”j_ L NI L Py 1 M
+0.095808 +(2. “’)55 X W X =

=_"_6-. Y+(0 08732 L7+ —) Y+\0 34419 L+ ¢ )Z

-P«l{) 06732 L2— 034419La+0 5a3-0.3715 T
- a L N B A
'{"(}09-’)808-}‘—3+(“§~ ""'a)?"-“"l-g— H 1—'—1§-:*2— H g renttettanen (1”) .

From the left half of the bridge, by symetry, we have

E—I{]AI:‘ —- X+ ]F, Y— —&Zuu..---._uu.ln_u.u'-u. ...---u....-...;..(!]_)

EI N, ==X (0191’5794 L3+-—-) +(0.06732 L+ —i‘—ﬁ-)z {12)

X+(0 06732 L=+—) r—(034419 L+§-)_z--.-....-(13)

EIU A=~
By eliminating A., A,, & Az, we obtain
B3 iy I K2 _
__:_I?X-l-_g_ Z__(?—a) W" mﬂf 'llltl.p‘..lll'.‘lil..lIID(T4)
'(0.037,53'8 184 16 )Y P{o 013704 L$—9.06732 L? a-+0.16667 a8

- \Lh
—~0.22200 +0,063874 3¢ (-? }16}

TaresrasatBIsaL ten (15)

Lh® Lh3
96 WI 364 ‘[Vg LI T I AT P R PYR TR ] Ty

)Z=P{ (}6?32 120 34419 La+0.5a?

+
i:'—x+(o'.68338 L+
—0 sM59: 40 0358085+ +(‘;* —-a)%}

Wi. TYITTE L) TResRNTILULE BRI s tenn Tt eRaTILOs YL (16)

+ Wx + 192
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-~ Multiplying equation (14) by _25_;;

h? ; _g_’?_i’_ — L 348 T kS
T X+35 2=(5 - ) Pt-jgg Wit ggg Weme(iD)
Substructing equation (17) from (16), we obtain

(0.63838L4+0.625 ) Z =P {0.0673‘2 L1-0.34419 La

+0.5.09—0.3715 -1 +0.095808 -2 +0.03125 (3-a)n}

§al 2
B .. &
rZ= i 0.06732 12—0.34419 La+0.5a?—~0.3715-2%
O & =0-63838 L+0.0625 &) { 06732 24054 150

he
(0.68358 L+0.0825%)

P 03195 (2 — }._
+0.095808 75 +o‘031;5( —a)h|

(384 Wl"’gau W, ) resernresres seesnetisssaneensnsesasarsssen ( 18)

e (L 3P 3 3 .., 1 _
From (14)X=(~§*—-G)—Iﬁ*-—2g" Z+Tﬁ- h Wt +-§a h Wg '".'""'"-'(19}

P
(0 037583 L*® +90. 0620 L‘ fz)

From (15) V= {0 018794 Ls— 0.06732 L2 o

+0.16667 43—0.2229 7 - +0.063874 5 +( L %‘;}

. th { 1 1 . ST

I MAXIMUM MOMENTS, HORIZONTAL THRUSTS AND VER-
TICAL SHEARS AT VARIQUS POINTS DUE TO CONVENTRATED
LWE LOAD:—The values of ¥'and Z for a concentrated live joad P at
varlous points of the brLdge for which there is & certain ratio of height to
span, are evaluated by means of Table 2 to 9.
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TasLE 2. EVALULATION. oF X, ¥ anp Z. (2—-#’-0.3, m=92)
Point C 1 2 | 8 |
a 9 0OLL | 02L | 03L | 045
_ ' coefficients of “PL¥" _

- 40.08782 P12 0.067320| 0067320{ 0.067320| 0.067320| 0067320
—0.34418 PLa 0.000000 |—0.034419 |— 0.068835 | — 0.103257 |— 0 137676
+0.5 Pa? 0000000 | 0.005000| 0.020000 |+ 0.04500G| 1-USO0VO
—0.3715 Pat/L? 0,000000 {— 0 Q00037 | — 0 YU0592 |~- 0.002897 |— 0.U09472
+0.085808 PaS/L3 0.000000 0.000001| 0 000032| 0.000243| - 0.001024
+0 03145 P(L/2—a)h 0.004687 | 0.003750| 0.002812] 0.001875| 0.00)937

Tatal 0 072607| 0.072007| 0.026734| 0.008184! 0.002!33
\ coefficients of “PL”’ '

0.68888 L-+0.0625 & 0707130) 0.707130] 0707130| -0.707130 | . 0.707130

| coefficients of “PL’’ _

z 0.101830| 0.053851| 0.020351| 0.011573] 0003016

coefficients of “P7"

+3i7 (5—a) 1.250000] 1.000000] 0.750000| 050000 0.250000

3z — 0 509150 | —0.294455 | —0.146605 | — 0.057865 | — 0.015082
X 0.740850| 0,705545| 0.603395| 0.442185| 0.234918]

| . ' coefficients of “PL*”’
+0.018794 PL* | 0018754 0.018794, " G.0IBT94[ 0.018794] 0.018794}
—0.06782 PL%a 0,002008 | —-0.008782 —0.013464 | -0.02)196 - 0.026923
+0,16667 Pa? (.000000; 0 000166| 0.001333| 0.004500; 0.010664

—(.2929 Pab/ L2 © 0.000000 |— 0.000002 — 0.000064 | — 0.000486 ; — 0.002048
- 40.063874 Pa%/L8 0.000000 . 0.000004| 0.000045! 0.000254
0.5 (5 —a)h 0.009375| 0.007500| 0.005625| 0.003750; O0.GU1875]

_Total _ 0.028169| 0.019726! 0.012228| 0.006407: 0.002611

o ' ~ coefficients of “L$” |

 0.03758BL*+0.0625L% | 0.056398| 0.056338| 0.036338| 0056338| 0.056338
|  coefficients of “P?’ _

p4 | 0.500000{ 0.350F30| 0.217050| 0.113720| 0.046340

i)
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TABLE 3. EVALULATION oF P, X aND Z, (=05, m=2)
Point C 1 2 i 4
a 0 01L | 02L 3L | 4L
. _ coefficients of “PL*” ‘
+0.06732 PL? 0.067320] 0.067320] 0.067320 0.067320 0.067320]
—0.34419 PLa 0.000000 |— 0.034418 | — 0.068838 |— 0.103257 |~ 0,137676
+0.5 Pa? 0000VU0] 00.0503| 0.020000| 0.045000| 0.080003
=0.3715 Pat/L* . 0.000000|~- 0.000037 | —0.000592] - 0.002997 [~0.009472
+0.035808 Pat /L# 0.000000| 0.000001] 0.000032] ©.000243] D001024
+0 03125 P(L/2—a)k | 0.006350( 0.CON500 0.003750| 0.002500{ 0.001260
Total 0.073570| 0.042862| 0,021672] 0.008808 0.002446
coefficients of “L*
0.65838 L+-0.625 1 07133801 0.718380| 0713380| 0.713380| 0.713380
" cofficients of “PL’’
Z © 0.103120| 0.060080| 0.030380| 0.012350} 0.003430
_ coefficients of “P”’
+3 5 (£ —a) 0.937500 | 0.750000| 0.562500| 0.375000| 0.187500
3z - .|—0.386740 |— 0 225330 |—0.113920 | — 0 046306 {—0.012865
X 0.550760 | - 0.52a670| 0.448580) 0.328694! 0.174642]
: . coefficients of “PL3? :
+0 018794 PLs T0018794| 0.018794| 0.015794] 0.0187194] 0.015794
~0.06732 L% ~ U:000000 |—0.006782|— 0.018464 |— 0.023196 |~ 0,026923
4-0.16667 Pa® 1 0.000000| ©,000166| 0.001333] 0.004500| 0.010664
—0.9299 Pa®/ Lt ~ 0.000300 |— 0.600002~ 0.000064 |— (.006486 | — 0.002048|
| +0.053874 Pa®/L* 0.000000{ © 0.000004] 0.000045/ 0.000254
+ 2L (L _g)p | 0.012500] 0.010000) -0.007500] ©0.005000] ©.002500)
: Total | 0.081297| 0.022220; 0.014103| 0.007657| (.003236
L _ ' ' coefficients of “Ls”_. |
0.087588L% +0 0625L% | 0.062588| 0062588] 0.062588| 0.062588| 0.062588]
- = = goefficients of “P’ o
Y | 0.500000| 0.355270| 0.225380| 0.122340| 0.051700
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TABLE 4. EvarLvraTioN oF X, ¥ anD Z, (+-=04, m=2)

Point c 1 2 3 4
a 0 0.1L 0.2 L 03 L 0.4 I,
coefficients of “PL®” _
+0.56732 PL? 0.067320{ 0.067320 0.067320| 0.057320] 0.067320
—0.34418 PLa 0.000U00 | — 0.034419|~ 0.068838 |~ ).108257| — 0.137676
+0.5 Par 0.0000.0| 0.050000| 0.020000| 0 045000{ 0.08uG0O
~0.3715 Pas/L3 0.00000) |~ 0.000087 |—0,003692 |~ 0,0..2997 |~ 0.009472
+0.095808 Pab L 5030007} 000301 0.000032] 0.000243| 0.00L324
+0 03125 P(L/2~a)h | 0.007812| 0006250 0.004687| 0,003125, 0.00i562
" Total 0 075132| 0.044116| 0.022609| 0.009434! 0002758
| coefficients of “L’’ '
0.68838 L+0.0625% - | 0.719630 0719630 0.719630| 0719630 0.715670
coefficients of "PL’
Z 0.104404| 0.061302f 0.0314(8| 0013109| 0.003832
coeffieients of “P’’ o
+37 (L—~a) - | 0750600] 0.600000| 0.450000| 0.300000[ 0.150000
~4z —0.313212 |- 0 183906 | —0.094254 | — 0 039327 |—0.011496
X 0 436788 | 0.416094| 0.355746( 0.260673] 0.138504]
S | _ coefficients of “PL%”’
| +0.018784 P18 0018794 0.0I879a] uULsTU4| 00i6I¥a| 0.016794
—0.08732 PL% 0.000000 |— 0.006732 |~ 0.013464 |~ 0,020196 | — .026928
+0.16667 Pa® ,000000 0.000166| 0.001333| 0.0:4500] 0.010664
—1.9228 Paf/L2 0.000000 {— 0.0, 0302 | —0.000064 | 0.000456 |~ 0,092.48
+0.063874 Pa®/L¢ 0.000000 | _ | 0.0G00D4| 0.000045| 0.000254
+-L£ (% —a)h 0.015526| 0.012500| 0.009375| 0.036250| 0.003125
' Total 0034419 0.024726] 0.015978] 0.003807] 0.003861
| ' coefficients of “L3"7
' 0.037588L+V.0625L%h | 0.068838 0.068333| 0.068833| 0.068833| 0.068838
| _ o .c.oeﬂicients of “P" :
1 0.500000| 0359190 0.232110| 0.129390| 0.056090
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TABLE 5. EvarvratioN oF X, ¥ anD Z. '(%—=0.3,-m=2)

“Point 0 1 2 3 4
o 0 0.1L | 02L 0.3 L 04L
: . coefficients of “PL2”’
40.06732 PL* 0.067320| 0.067323 0.067326] 0.06732G] 0.067320
—0.34419 PL3 0000000 |—0.034419 |~ 0.068838 | .103257 |~ U.137676
+0.5 Pa? 0.000000 | 0.000500| 0.020000| 0.045000) 0 080000
—0.3715 Pat/L? 0.000000 | —0.000037 |- 0.900592 |-~ 0002997 |— 0.009472
+0.095808 Pab/L? 0.000000| 0.000031] 0,003032) 0.000248| 0.001024
+0.08125 P(L/2—a)k | 0.003375| 0.007500] 0.005625{ 0.008760| 0.001875
“otal 0.076695] 0.045365 0.023547| 0.010059) 0.003071
coefficients of A | 1
(68838 L+0 0625 | 0725830 0.7258%0| 0725880| 0725880 0725830
coefficients of “PL”’
-z 0.105558 | 0.062487 | 0.032514] 0.013857 | 0.004230
| | coefficients of P77 N
+I7(F—a) 0.625000| 0.560000| 0.875000( 0.250000! 0,125000
~32 - —0.264145 (- 0,156242 |- 0 (81285 |~ 0.034642 | —0.010576
b ¢ '0.360855| 0343758 | 0,203715| 0215358 0.114424
- : ~ coeffients of “PL%’" :
+0.018794 PL? 0.015794, 0018754, 0.0i5794] 0,018794] 0.015794
~0.06732 PLa - 0,000000|—0,006732 | —0.013464 | — 0.020195 |—1.026928
+0.16667 Pa? 0.000000| 0.000166| 0.001333|  0.004500 | 0.010664
~0.92229 Pa¥/12 | 0.000000|—0.000002 ~0.000064 {—0.000486 |—0.002048
+0,063874 Pa®/L* 0.000000F . | 0,000904} 0,0000456{ 0.000254
+ie{—ajh 0.018750{ 0.015000, 0.011250| 0.007500 0.003450
Total 0.037554'  0.0272261 0017853 0.010157| 0.004486
| : ooefficients of “L%°7 o
0 037588L%4-0.0625L% | 0.075088| 0.075088| 0.075088| 0,075088| 0.075088
| | | ' '.eocffi_cients_ of “P7 |
Y '0.500000| 0.8625%0 0.237760( 0135270 0.059740
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TABLE 6. - EvarvnatioN of X, ¥ axp Z, (-%-=0_7,_m_—.2)
Point c 1| 2 '3 4 |
a 0 01L | 621 03L | 04L
coefficients of P
+0.06732 P2 - 0.067320| 0.067320) 0.067520] 0.067320 0.067320
—0.34419 Pig 0.000000 | — 0,034418| — 0.0685838 |~ 0.103%57 |~ 0,137676
+0.5 Pa? 0000050 ©0.005000| 0.020000| 0 045000F 0.080000
—0.3716 Pat/L: 0.000000 {— 0.00U037 |~ 0.00J592 [~ (.002997 |~ 0.009472
+1).095808 Pab L8 0600800 L 00JNUL| 0.000032( 0.060248| 0.001024
40 03125 P(L,fz-—a)h - 0.10987| 0.008750| 0.006562| 0,004375| 0.002187
_ Total - 0.078357| 0.046615| 0.024484| 0.010684| 0003383
 coefficients - of “L’*
0.68838 L+0.0625% | 0.7321:0) 0.732180| 0.732130| 0.732180| 0782150
coefficients of “PL”

Z 0.106689| 0.063670] 0.033442] 0014593| 0004620

o coeffieients of “P*’ _ :

+3i (- ~a) - 0635700 0.428500| 0.321400] 0.214200] 0.107100
~2Z ~0.229033 | - 0.186437 | — 0.071661 |— 0 031270 | — 0008901
X © 0306667 | 0.292063| 0.249739| 0.182880 0037199

. - o "cocfficients of “PL3” | | o
+0.018784 P1# 0018794 0018794 uuUls794| 0.018794| 0018794
—0.06732 PL% ' 0.0000GY [—0.006732|—0 013464 {— 0 020196 {—0.026928
| +v.16667 Pa3 . 5,000000| 0.000166| 0G01333| 0.004500] 0.510664
—0.2920 PaS/L? 0000000 | —0.000302 | - 0.00064 {— 0.000486 | — .002048
+0.063874 Pud/L* $.0u000u; - 0.UG0004| 0.000045| 0.000254
pbE "uf (- —a)h 0,021876! 0.017500| 0013125 0.028750{ 0.004315
- Total N.040669 | 0.025726 0.019728 | 0.011407( 0.005111

o . coeﬁiclen‘r\s of “Ls”
| 0.087588L+.06261%h | 0.031338] 0081333| 0.031338| 0.081338| “0.081338|
e _ _ coeﬁiclents of “P7 A
Y 0500000 0365460] 0242540 0.14024) | 0.0828385)




2 Stresses en Single Span Rigid Frame Brigde With Fixed Ends
Tapre 7.  Evarvrarion of X, ¥ axp Z. (4-=08, m=2)
Point 0 1 2 3 4
@ 0 0iL | 02L | 03L 0417
coefficients of “FLR” S
+0.06782 PL1* 0.067820{ 0,06732)( 0.067320| 0.06732G{ 0.067320]
| —0.34419 PLa 0000000 | — 0.U34419 | — 0.063838 | — 0.103257 |~ 0.137676
+0.5 Pg? . 0.000000| 0.000500| 0.020000] 0,045000| U.080000
—0,3715 Pat/12 0.000000 |— 0.000087 | — 0000592 | — 0.0U2997 | — 0.009472
+0.095808 Pa®/L? 0.000000| 0.000031] 0,000032| 0.000243( 0.001024
+0.03126 P(L/2—a)h | 0.012500| 0.610000| 0.007500! .045030( 0.002500
Total 0.079820 | 0.047865] 0.025422| 0.011309| 0.0U3696
coefficients of "L’ _
063338 L+0.0625h | 073833)| 0738380| 0738380] 0738380| 0758330
~ coefficients of “"PL”’. I. |
z 0.103126( 0.064824| 0.034389{ 0,01A31d] 0.005005
| ~coefficients of “P’7
+30(5—a) | 0468750| 0.575000] 0.281250[ 0.187500| 0,0937 50
_sz —0.202737 |— 0.121546 | 0064556 |- 0.025717 |—0.0093 85|
'x 0.266013| 0.253454| 0,216694| 0.158783| 0.034365
o . | .COBffients of “PLY" o |
+0.018794 PI? 0018794, 0018794, 0.0i5794| 0,01s794| 0.015794
—0.06732 PL?a © 0.000000|—0,006732 —(1.013464 | —0.020196 | - 1.026998
+0.16667 Pa® 0.000000( 0.00166! 0.001333| 0.004500! - 0.U10664
—0.2998 Pa¥/L* | 0.000000|—0.000002 —0.000064 |~ 0000486 | - 0,002048
+0,063874 Pa®/L¢ 0.060000] 1 0.000004] 0,000045! 0.000254
+EL(L _a)p 0025000/ 0.020000: 0.015000| 0.010000| 0.005000
_ Total 0.0437841 0.032226/ 0021603| 0.012657| 0.005736
_ L o ~ coefficients of “IL*”’ | |
0 037588L°+.0625L% | 0.067588| 0.087688( 0.087583| 0,087588| 0.057588
'“ | B cocfficients of “P
¥ 0.500000| 0.868030| 0.246540] 0.144510| 0.065430
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TABLE 8. EVALULATION oF X, ¥ AND Z. (4-=0.9, m=2)
Point c | 1 2| 8 | 4
a o | o1z | e2r ‘ 03L | 04L
. __coeﬁiciex_ﬂ;s of “PL? '
4-0.06732 P12 0.067320 0.067320| 0.067320| G.067320| 0067320
—0,34419 PLa 0.000000 |— 0,084419 |— 0.068838 |— 0.103257 |~ 0.137676
+0.5 Pa? 0,000000 | ©.005000| 0.020000]+0.045006| 0.050000
—0.3716 Pat/L2 . 0.000000 |- 6.000037 |~ 0.000592 | — 0.002897 | — 0.U09472
+0.095508 Pab /L 0.020070! 0.000001] 0.030032| 0000243 G 001024
+003145 P(L/2~a)h - | 0.014062| 0.011960| 0.003437| 0005625, 0.002812
Patal 0.UBI382| 0.049115] 0.026359| 0.011934] 0.004G0S
c.o_efﬁc'ien.ts of “PL” |
0.68538 L+0.06%5 k. '0744630] 0.744680| © 744630| 0.744630] 0.744630
_ | ' coeffieients olf. “PL”
gz 10.105252] 0.065959| 0.035399; 0.016027| 0005382
ccefticients of “P’’ _
+AP (L _4) 0416666 | - 0.333333| 0.250000] 0.166666| 0.083333
A —0.182153|—0.109931 | - 0.058498 |—0.026711 |~0.008570
X 0.234513] 0.223402| 01910327 0.139955] 0 074363
- o _ 60efﬁcien_ts of “PL¥J .
+0.018794 PL* 0.013784T 0.0187v4, U.0I8TH4[ 00187, 0.018794
~0.06732 PLa 0,000000 |—0.006732]— 0.013464 | — 0.020156 '— 0.026928
+0,16667 Pa® - 0.000000| 0.000166! 0.001333| 0.004500. 0.010664
| —0.2298 PaS/I? 0.000000 | — 0 000002, — :300064 | —0.000486 | —:002048
+0.063874 Pas/L? 0.000000 | 0.0000J4] 0.000045.  0.000254
+ A (E—a)k 0.028125| 0.022600, 0.0:6875{ 0.011250: 0.0U5625
Potal 0.046919 1  0.034726' 0.023478| 0.013970 0.006361
| | | coefficients of “L%" ' |
0.037688L%+.0625L°h | 0.093838| 0.093838| 0.0838;8| 0093838| 0.093838
_ _ coefﬁr.:_ient_s. of “?”
Y | 0500000] 0.370060| 0.20250| 0.148200| 0.067780
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TspLE 9. EvarLvLaTios OF X, ¥ aND Z, (=1, m=2)
Point ¢ |t | 2 3 | 4.
a 0o | e1L | o02L 03L | 04L
. coefficients of “PL*V
+0.06732 PL? 0.067320| 0.067320] 0.067320] 0.067320] 0.067320
~(.34419 P12 0.000000 |— 0.034419 | — 0.068858 |— 0.103257 |~ 0.137 676
+0.5 Pa? 55300001 0.005000| 0.020030| 0.045000 0.G80C0J
—0.8715 Pat/L* 0.000000 |— 0.000087 | — 0.000592 |~ 0.002997 |— 0.009472
+0.095808 Pa’ /13 (.000500| 0.000001; 0 U00032| 0.000243 ;001024
+0.U3125 P (L /2—a)k - | 0.015625 0.012500! 0.009875| 0.006250) 0003125
| Total 0.082845] 0.050365 0,027287| 0012558] 0.004321
| _coefficients of "L’ )
0.65838 L+0.0625h | 0.750880] 0.7 uasu[ 0750880| 0.75088G| 0.750880
: l cofﬁelents of “PL™ |
z | 0.110464| 0.067074] 0036353| O16725| 0805754
| _ coefficients of "P7’
+32 (L —~a) - 0.375000 | 0.30U000| 0.225000| S250000] 0.075000
—2Z — 0.165886 |—0.100612 | —0.054530 |— 0 025088 |—( UUBE31
X 0.209304] 0.199388| 0.70470] 0.124912] 0.056369
» coefficients of “P Ls’.'_ . .
+(.018794 P13 008794] U.018794 0.018784, 0.0187194| U.ULo794
1 —0.08732 L2 0.000U00 [~ 0 506782| —0.013464 | — 0.0201835 [~ 0.026923
"+4.0.16687 Pa? 0.000000 JUOJ]BS‘ 0.0313331 0.004500; 0.210664
—0.2220 Pab/L* 0.000000 | —0.500002. —0.000064 | —0.000486 |~ 0.002048
4-0.053874 Pu®/L? 0.000002 © 17 0.000004| 0.000045]  0.000254
+IE (A —a)n 0.081250 | 0025000° 0.018750! 0.512500| 0.062500(
| " Total 0.050044 | 0037226 0.025853|  0.016157| 0006986
’ o | ' coeflicients of “L3" ‘
0.08T588L*-+.0625L% | 0.100088|- G1000¢8| 0.100088] 0.1C0088! 0 100088
: coefficients of “P’ _
Y - 0.500000| - 0.371950 | 0353300( 0.151430 | " 0.069800
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TasrLe 10. _
VALUS OF THRUSTS {COEFFICIENT OF P) AT THE CENTRE OF SPAN (m=2)

Load _ h/L
st point | g gy 9%~ 06 07 - 08 - 08 1

C 0.740850 | 0.550760 [ 0.336788 | 0.360855 | 0.306667 ! 0.266013 [ 0.234513 | 0.209304
1, -1 0.705545 | 0.524670 | 0.416094 | 0.343758 | 0.292063 | 0.253454 | 0.223402 | 0.199388
2, -2 0.603395 | 0.448580 | 0.355746 | 0.263715 | 0.249739 | 0.216694 | 0.191002 | 0.170470
8 -3 0.442135 | 0.328604 | 0.260673 | 0.215358 | 0.182930 | 0.158783 | 0.139955 | 0.124912
4, —4 0.234918 | 0.174642 | 9.138504 | 0.114425 [ 0.097199 | 0.084365 | 0.074363 | 0.066369

TABLE 11. MAXIMUM SHEAR {COEFFICIENT OF P) AT VARIOUS SECTIONS

DUE T CONCENTRATED LOAD P (m=2

Section - h/L | _

atpont  TTH3 o4 . 05 06 . 07 08 09 01 _
¢ £0.50000 1 050000 £3.50000 1-£0.50000 050000 |+0.50000 | £:0.50000 " 20.50000
) ! ]I ] | ) .

L £0.35013 |-H0.35527 | +0.55910 | +0.36250 ' +0.36546 |+:0.36803 |40.37006 | +0.37193
Z0.61087 | —0.6+475 | ~0.64081 | ~0.65741 | ~0.6315% | =0.63197 | —0.62994 | —0.62807

o [+0:21705 |+0.2253 | 4025211 40,5776 40.24254 +0.21661 |40.25025 | £0.25330
~0.78205 | ~0.TTIG | ~DTTS0 | =076 ~0.T5746 | ~0.75386 | ~0.TANT5. | ~0.7ie70

N 20.11572 | +0.12234 |40.12080 [4-0.13527 | 40.14024 |40, 14451 |+0.14520 | 4-0.15143

: ~0.88623 | ~0.87766 | ~0.57061 | ~0.86475 : ~6.35976 | - 0.85549 | ~0.35180 | —0.84857

4 |+0.04654 [+0.05170 40.03600 | +0.05074 |+0.06235 |+0.06549 | +0.06778 | +-0.06980

A

C{=0.95306 | =9.94830 1 =0.94391 . —0.94026 : —0.93717 | —0.93451 | —0.03222 : —0.953020

The moments at virious points are calculated ay follows:

M, = Y(-.ﬁﬂ) 7 (mL—a) P when load P laid between point ¢ and n

M, =Y(.nL)+Z when load P at the right of point n
M, =-Y(.nlL) A-Z.whe.n load P at the left half of ihe bridge where,
n=1,2,3, 4and 3 |
My =Xh+'Y(—_f’—.) +Z—~P(4—a) when load P at the right half of
the bridge. o
My =Xh—Y (L) +7 when lond P at the left half of
the bridge.

The moments at various points for a concentrated live loed P at dif-

ferent poiﬁtsbn the bridge for which there is a certain ratio of height to

span, are given in the table 12 to 19
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- TasLE 12.
MO‘\E[ENTS FOR CONCENTRATED LIVE LOAD Par vERmUs POINT OF SPAN

(R/L=0.3, m==9).

_ Load P - Moments at points (Coefficient .of PL)
stpeint TG 77 E 5 & [ F B
-4 0.603016 . -0.001618 |-0.006252 ;-0.010886 ' -0.015520 i~0.02015-l_h' 0.050321
-3 0.011573 | 0.000201 |-0.011171 |-0.0225(3 '-0.033015 [H.045286 - (.087353
-2 0.029321 ) 0.007616 1-0.014080 |-0.085794 :-0.057499  [-0.079204 ' 0.101814
-1 0.058851 ° 0.023838 :~0 011171 }-0.046188 —0.081201 ,-0.116214 . 0.005449
C 0.101330 5 0051830 | 0.001830 |-0.048170 :-0.098170 ;-0.145170 : 0.074083
1 0.058351  0.093864 Ir 0.028877 |-0.036110. —0.101097 j—0 166984 « 0.015RT7G
2 0.029321 0.051026 ;- 0.072731 [-0.005561 —0.083859 '_0.16215¢ ; 0.01836+4
3 0.011575. . 0.022945  0.034317 { 0.045639 0042939 '.131567 ; 0.001073
4 0.003016 © 0.00765D 0.012284 -1 0016913 0.021552 ' -0.073864 ';0 003539
TABLE 13,
MOMENTS FOR CONCENTRATED LIVE LOAD P AT VARIOUS POINTS OF SPAYN
(h/L=0.4, m=2}
Toad P Moments (Coefficient of PL) at point
Atpoint ¢ Ty g T oy e R TTw T
' -4 'i 0.033430 - 0001740  -0.0098010 0012080 0017250  -0.022420 - 0.047437
-3 P 0.012350 ¢ 0.000116  -0.012118 . -0.024352 -D.0IG586  -D.048820 . 0.032657
-2 ; 0030330 | 0.007847 0014686 - -0.037210 -D059752 . -0.082285 . 0.097137
-1 ; 0.060030 | 0.024553 [ —0.010974 !-0.046301 ~-0.082028 -0.117605 = 0.092963
C 0.103120 | 0.0653120 ; 0.003120 . -0.046550 -0.096880 —0.146880 . D.075424
o1 P OLOGOORD | 0.005607 | 0.031134 ;-—0.023339' -0.097812 -0.162235 ' 0.047633
a | ©.030380 I 0.062013 : 0.075446 ' -0.002021 —0.079488 156955 | 0.022477
3 | 0.012350 | 0.024584 ; 0.036818 ' 0.048052 -D.038714 -0.126430 | 0.004197
4 i 0.008480 ' 0.0086060 i 0.013770 . - 0.018540 - —D.024110 . 0070720 - 0.000863
TasLE 14,
MOMENTS FOR CONCENTRATED LIVE LOAD P AT VARIOI'S POINTS OF SPAN
(h’L=0.5 m=2) |
Load p : Mnm‘eﬁts {Coefticient of PL) at poin_t_
at pﬂi'ﬂt "““"C“ ; - il N 7 4 ; 5 B
4 T0.003832 «0001777 i-o“,o"ﬁf?ls‘ié" ~0.012995 1-0.018604 | -0.024213 | 0.045039
-3 0.013109 { 0.000170 1‘-0 012769 | -0.025703 | -0.058647 |-0.051586 Q078750
2 0.031418 3 0.008207 :-0.015004 [-0.038215 |-0.061426 |-0.084637 0.095236
- -1 0.061302 | 0.025383 i-0 010586 |-0.048455 |-0.082374 :-0.118293 §.089794
- Q 0.104404 | 0.054104 | 0.004404 [-D.045336 |-D.005596 :-0.145596 { 0.072798
1 0.061302 | 0.097222 0.033140 }-0.080341 |-0.005022 1-0.159103 0.048944
2. 0.031418 ] 0.054629 | 0.077840 | 0.001051 |-D.075738 -0.152527 | 0.025346
3~ 0.013109 1 0.026048 | 0.088087 | 0.051926 | 0.035135 [-0.122196 | 0.008140
4 - 0008852 1 0000441 | 0.015050 0 020659 0026268 |-0.068123 0.001129
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TasLE 15. _
MOMENTS FOR CONCENTRATED LIVE LOAD P AT VARIOUS POINTS OF SPAN
{h/L=0.6, m=2)
Load P _ Moment (Coeificient of PL) 4t point
kY N < N RO M S B Y A
—4 C0.004230 |-0.001744 |-0.007718 -D.01%692 1—0.019666- T -0.025640 0043014
C o2 0.013857 | 0.0003g0 | -~0.013197 ~0.026724 [-0.040251 |-0.053778 . 0.0754386
-2 0.032514 ! 0.008738 | -0.015038 I-0.028814 - =).0625H) :.-0.I'86?.66 . 0059393
-1 0.062497 | 0.026238 | -0.010021 1—0.046280 -0.082089 ' -0.113793 0087456
C 0.105658: i 0.055658 0.005658 | 0.044342 1 -0.004312 [ —0.144342 - 0.071151
1 0.062497 i 0.0987569 0.025015 @ 0.028726 ' -0.092467 -0.153208 : 0.050046
2 | 0.082514 | 0.056290 , 0.080066 & 0.003842 -0,072582 ' -0.143606 002823
3 1 0.015857 ' 0.027381 1- 0.040911 = 0.054438 -0.032035 ' —0.113503 & 0.010706
4 L 0004220 1 0010204 0 0016178 ' 0.022152 0.028120 L -N0G3900  0.002754
_ TABLE 16,
MOMENTS FOR CONCENTRATED LIVE LOAD P AT VARIOUS POINTS OF SPAN
(h."L=,-0'.7, m=2)
Load_P ] 1 Moments (Coefficient of PL) at point
mpemt o T % s & E B
-4 1 0.004620 0001668 | —0.007048 © -0.014229 -0.020512  -0.0206845 . 0.011194
-3 i 0.014583 0.000569 . -0.013455 |0 027479 -0.041503 | -D056527 | 0.072521
-2 l 0.033442 | 0.009188 -0.015066 '-0039320  -0.063574 .-0.087828 | 0.056989
-1 ¥ 0.082670 ! 0.02712¢ | -0.000422 1-0.045968 -0.082514 @ -0.11906) . 0.08588%
3 0.106886  0.056889 = 0.006850 —0.043111 [—0.093111 —0.143111 0.071556
1. 0.063670 ' 0.100216 - 0.036862. |—0026692 1-0.000146 | -0.153600 i 0.050844
.2 0.033442 . 0.057896 i 0.0814950 i 0.006204 |-0.069542 |-0.145283 @ 0.0209529
3 | 0.014598 - 0.028917 i 0.042641 : 0.056665 ' -0.020311 (-0.1156287 . 0.012764
4 0.004620 ' 0.010903 ' 0.017816 ! 0.073469 | 0.020752 !-0.063915 0.004124
TaBLE 17.
MOMENTS FOR CONCENTRATED LIVE LOAD P AT VARIOUS POINS OF SPAN
(h/L=038. m=2)

Liad_P. : _ Hnménts (Cnefficier_lt of PL) at point .
a4 point c T 1 z 8 & k" E__
-4 0.005005 |~0.001544 [-0.008093 |~9.014642 28021191 —0.027740 1 0.039752
-3 0.015316 0.000895 |-0.018586 -0.028037 -0.042458 ~-0.056936 : 0.070087
-2 0.084389 | 0.009725 {-0.014939 '-D.039603 -0.064257 —0.088931 i 0.084424
-1 0064324 | 0027994 |-0.008782 |-0.045585 '-0.082388 -0.119191 i 0.083572
C 0.108128 0.053126 0.008126 |-0.041784 |-0.091874 .—0.141874 | 0.070936
1 . | 0.064824 0.101627 0.038430 |-0.024767 |-0.087081 i*0.151161 I 0.051602
2 0.034389 | 0.059063 7 0.083717 | 0.008381 |-0.069955 [-0.142291 0.031642
3 0.015316 | 9.029767 0.044218 - | 0.058669 |-—0.066580" ;—-0.112429 © 0.014597°
4 0.005005 0.011554 . | 0.018103 1. Q024852 | 0:031201_ !_—0.062290 . (3.005242
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TaBLE 18

MOMENTS FAR CANCENTRATED LIVE LOAD P AT VARIOUS POINTS OF SPAN

(h/L=09, m=2)

Load P "Momant (Covificient of PL) at point
at point ey ERE B
1 T0.005882 . -0.00139G | -0.008174 ,H.014952 ~ —D.041730 [ -0.028508 - 0.030418
-3¢ 0.016027 & 0.001207  -0.013613 '-6.028133 -0.045233 -0 058073 - 0.067886
~2 0.085300 ~ 0.010374 -0.014651 —0.039675 -0.084701 '-N.039736  0.082176
~1 0.065959 ° 0.028953 1-0.008055 ©-0.045059 - —0.082065 |-0.119071  0.081990
t 0.109202 . 0.059292 ~ 0.009292 1-0.040708 '—0.080708 |-0.140708  0.070393
1 0.065952 © 0.102965 ! 0.039971 .-0.023023 -0.086017 |-0.140011  0.032050
-2 0.035399 ~ 0.090424 | 0.085449 | 0.010474 . —0D.064501 [-0.130476  0.032426
.3 0.016027 ' 0.080847 | 0.045667 | 0.060787 -0.024605 !-0.100873  0.016086
4 0005882 0.012160. | 0.018958 -~ 0.025716  0.032494 !-0.060723  0.006198
TapLe 19,
MoyENTS FOR _L‘.ONCEN'I‘RATED LIVE LOAL P AT VARIOUS POINTS OF SPAN
(h'L=1 m=23)
Load Monent {(:fuiL‘ffil".il.'i‘lG of TL) at point
at pnint_ s ) il 5 5 . = i | 5 T
T =4 T 0005758 -0.001226 T 0.005206  0.01518G  -0.022166  —0.020146 | 0.U37223
-3 0.016735 : 0.001582 -0.018561 -0.028704 ,—0.048547 :-0.058990 | 0.065922
-2 0.036355 | 6.011028 .-0.014307 —D.030657 -0.064967 |-0.090297 | 0.080173
-1 0.087074 | 0.029881 ~H.007312 _-0.0445056 .-0.0316A8 :-0.118391 | 0.080797
c 0.11046¢ | 0.00046¢ . 0.010404 :-0.039556 -0.089536 ;-0.139536 | 0.060768
1 0.067074 | 0.104267 : 0.041460 -0.021347 '-0.084154 |-0.146961 | 0.052427
2 0.036358 ; 0.061633 : 0.037013 ' 0012343 -D.082327 |-0.186997 | 0.033473
8 0.016725 | 0.031868 | 0.047011 ' 0.06215% |-0.022763 [-0.107560 | 0.017852
4 0.005754 | 0.012734. " 0.010714 ' 0.026694 ° 0.033674 |-0.059346 .| 0.007023

Maximum moments in the span: - The maximum moments at point C,

1., 2 and 8 may be found from Table 12 to 19; while the maximum mo-

ments at point 4, K and B may be found as follows: Take point H. From

Table 12, we see that the concentrated load on the bridge for maximum mo-

ment at point Z, should at the point somewhere between points C and 2.

The exact point can be detérni_ined by trial, Instead of this, we may pro-

ceed in the folldvir’ing_ manner.

Determine the momsnt at point ¥ for a concentrated live load at point
C, then for load at p(;int 1, and finally for load at point 2. Let My, Me & M
be the three values of moments at point B for the three different loading
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posit.ions. Let M & = be the génerﬁl values of the moment and the distance
between the left end and the point where the load applied respectively. Tet

X, be the distance between the left end and point 1. Then we have the
following three sets of simultaneous values:

x | x-01L| X, X,+0.11

Mo M| M M, .

The quadratic equation satisfied by these sets of volues is

ar . (M,—Ms)2  50(2 My~ M,— M;)
M"_".ﬂfz'l' 82 My— M M;) T= ! s. {X"“Xo‘i‘

(le—-Mgl)L 2 . :
+ 20(2‘M2_M1_M8) } n-o._.ano-c.o-cn-oono.-accatn.-.ou..oluncoa(gl)

when

I (My~M)L _ Cap e e .
X Xy 003 g — My — M) The value of M is maximum and is

(M.— M,)*
M—M,—M,)

equal to Ms+3 @

For maximum moment at point K, the three sets of simultaneous
values aré:

X .  05L | T08L 0L

M(Coff. of PL) . | —0.148170 | —0.166084 | —0.1¢215¢

‘Therefore, the maximum moment &t point B in the unit of PL is

e neccs s (0148170—0.162154)*
~ M=0.166084 + 575 0-166084—0.148170—0.162054])

=0.166084 + %“5—5—; =0.186084-+0.001119
=0.107208

or M= —0.167203 PL

And the load point from tha left end of the span is
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' {0.148170~.162154) L

0.6 L—

0.8 L+0.032009 L=0.632009

20 (2 0.166034—0.148170—0.162164)

L

The maximum moment at points 4, F and B calculated in this way are

E

B

—0.167203 | -0.162725 | -0.159402 . ~0.156325

as follows.
_ TABLE 20),

_ Maxmfom MOMRNTS AT PoINT3 4, Ff AND B DUE TD THE CONCENTRATED LOAD P -
{ Max! _ - -

rr’;:.fﬁ ratio of height to span (h/L)

A 10! el

{Coeif,of PLY 03 | 04 | 05 | 06 07 | 08 | 09 | 1
4 |[-0-102366 ; -0.099776 | ~0.097046 | —0.095241 | —0.093648 | ~0.052164 '-0.000854 * —0.089593

-0.168631 : -0.151162 : -0.149022 . -0.7{47007

0088278 | 0.085917 . 0.087894 '  0.082052

0.1022071 0.007610 ' 0.094086 | 0.090936

Tasrg 21,
DistawcE (CcErr. oF L) OF LOADING POINT, FROM LEFT END FOR MAXIMUM

MOMENT AT POINT 4,

FE asxp B

ratio of height to span {h}L) B}

. ‘Point :

- 0.3 64 | 0F 06 | 07 88 i 09 | 1
R 0.598451 " 0.505484 | 0.545839 1 0536375 [ 0.528137 | 0.520812| 0.514819.0.609206 |
B -0.632000 ;1 0.621800 | 0.617256 0.610951| 0.605789; 0.600463 | 0.599611| 0.599270
E |_0.319437 | 0.324817| 0.334669| 0.335701| 0.340012° 0.348488| 0.348715 0.395273

) _ Tasre 22. _

MAXIMUM MOMENTS AT POINTS O, 1, 2 AND 3 DUE TO CONCENTRATED LOAD P
oment . _.ratio of height to span (h/L) |
(o&?ﬁﬂ?ﬁm} 0.3 _0.4‘: 05+ 06 07 98 | 09 1. 1

[ 0.101850 | 0.103120| 0.104404, 0.105858| 0.106889| 0.108126| 0.100292| 0.110464
1 0.0935864 | 0.095607 ) 0.007221.1 0.008756; 0.100216| 0.101627] 0.102965| 0.104267
2 - 0.072731 | 0.075446 1 0.077840 0.080066 | 0.081950 0.0837171 0.085449: 0.087013
3 0.045689 |- 0.049052 | 0.051926 ' 0.054435 | 0.0566651 0.058669 | 0.060487 | 0.062154

IV. MOMENTS HORIZONTAL THRUSTS AND VERTICAL SHEARS
AT VARIOUS POINTS DUE TO UNIFORM LOAD W 1bs, PER FOOT
COVERING THE WHOLE SPAN.

M,

pr W
2I o (063838 L

S |
+0.0625 1)1,

1006732 L3 ~0.84419 La+0.5 a?




* & T g& & @ T

—0. 371§—+0 091808—— +0.03125 (~— _;,, )h} da

- 2w oo T o o
=7{0.68538 L+0.062 h) [0.0_6 732 Li_a— 0. 172096 La® +0.1666 a3

—0.0743 ﬂ+o 019968—*+0 015635 Lia—0 015&5 w]"%

~ . 68838sz0 0625 h) (0. 03366 L3—-0 0430237 L3+40.020835 L*

—0.00232 L +0 000949 L2 40, 0078125 L’h—-O 003906 L2h)

oW _
= (065538 L1 0.0635 7 (000980 L5 40.008906 & L2)ssssessrsvnsecs oo (22)

Ml"’a.M _0 0'05 'wL’ L T L L L L TR T l.o--;ncluotu T LT TR YR ET] --.\(23)
M’EM —0 OQQULQO apsuprEny LR T T T T T N T T TS TR TR T (24)
Ms-a_M —-0.045101;2.0....ounoul.vcc:-oo-lo. -tuconuu'.-n.ll.o-o015 IETE IR Y] Iio.u-.(25)
M;:M 0 08 wL! ere u.'.l_ot.-n TTLLL ll.!.l.lil EEANERTEY aqpRbN S l.atoouoo- [ITYY (26)
ME""J’L _.0 125 wL? ....... ssanssenate o-.o--ls.g_-_-u..'nn shnntRE bt npn e n Nt (27)

M= 7 [Xh+Y( )-i.-—Z—P(“ —'a)]+j'zi-[m_y(§—)+z}
——2}? Xh+2j'*='z Wf (—-——a)da
—2f (- )1’ -—%—z’lm:aj' z-wj' (-—-—a)da
~3~2— _.(%-a.)da.-—sfz z+2j'a z-wj (—J}—a)da
31 (%-é)d“-’.f”'

=—J-:-6-—WL,—-—- M AR ENEE R E A RN IR BTN U bea RR T 'toun.nun'".u..c'u(ﬂs')

R

2
_2f (#_a LLAPE gj- 2kz g;?[g* _'g*]_;%mc
_WL" ‘3

é -—l-éT-— »—-—2-*’-;-Mc ..?._.'..'fl_.l CREREE YRR P I A NI VL E Ay B LN l'i_.l.t.l. T ) .li.'.l.._:. u‘.(29) ]
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TarBlE 23.
MOMENTS AT VARIOUS POTNTR DUE TO UNIPORM LOAD COVERING WHOLE SPAN (m=2)

polnt (Goett, . " Ratic of height to span (h/L)
Df wid ‘::E‘? ) 0.4_._”_;_ 05 | 06 | 0.7 08 ; 09 | 3
I TG020871| 0.030705 | 0031524 | 0.032395 | 0.033110 | 0.033897 | 0.03466) | 0.035415

1 | 0.024871) 0.025705 0.026524 |.-0. 0273"9 0.028119 1 0.028897 | 0.029667 | 0.030415
2 | 0.000871 0.0107051 0.011524 0012329! 0.013119 | 0013897] 0.014660 | 0.015415
3 i +0.015129 | -0.014295 | -0.013476 | ~0.012671 | —0.011881 | -0 011103 | —0.010340 | ~0.009585
4 | —0.050129 | —0.049295 | -0.048476 | -0.047671 | ~0.046881 —0.04610‘3*—0045340 -0.044585
E -0.095129 | —0.094295 | —0.093476 | -0.092671 | -0.091861 | -0.091108 | ~0.090340 | -0.089585
B

[ 0047664 | 0.047148 | 0.046738 | 0.046336 1 0.045941 | 0.045552) 0.045170' 0.044793

Tanir 24.

HORIZONTAL THRUSTS AT CENTRE OP SPAN DUE TO UNIFORM LOAD COVERING
WHOLE SPAN [{m=2

h/L 03 | 04 | 05| 06 07 |08 |09 | 1
. et [ h!‘ - I’ .
XelGoetl 10.47564500,3536060.2804280.2316770.196850}). 1708150 1505640.134877

TasLE 25, :
SHEARS AT VARIOUS P_()IETS DUE TO UNIFORM L.OA.D COVERING WHOLE SPAN
_ Points ¥ 1. 2 8 | 4 K
\Sher (Coeff.of WL) | Q. |-01 —0.2 |[—03 |—0.4 |=0.b

V. MAXIMUM MOMENTS, HORIZONTAL THR‘USTS AND VER-
TICAL SHEARS AT VARIOUS POINTS DUE TO UNIFORM LIVE LOAD.
- Let the uniform live load be W 1bs per foot; the maximnm ﬁzﬂments
at points ¢, E and B are sxmply the total area of their mﬂuenee line multi.
plying by W and, may bs found from table 23 while the maximum mo-
ments at points 1,2, 3 and 4 may be found ae follows. As an example,
Lot us determine the maxxmum positive and negative moments at point 2
corra8pond1ng the ratlo of h/L=0.3
" From Table 13, the mﬂuence line of Mz crosses the base line _between
points -1 and C, and at distance

G.0L117L
0.01 117140, (01830 *

From point —1 and _0.014076 L fmm point C.

0 085924 L
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The area of negative moment is

1x0.006252 L x -2+ (10006252 L.+ 0.011171 L +0.014089
+3x0.011171 L) x = +1%0.011171 L x 0,085924 L
—0.0003126 L2 +0.00339715 L* +0.00047993 L2
=0.00418968 L3
From Table 10, the corresponding area of thrust is

1x0,234918 x = + (1% 0.2349184+0.442135-1-0.6038395
+1 % 0.705545) x %5 +0.705545 % 0085924 I,

0.740850 —0.705645
0.1 L

=0.0117459 L +0.15157615 L +0.060623 L +0.0013082 I,
=0.22524825 L -
The area of positive moment is
} % 0.001830 £, x 0.014076 I, 4(3 x 0.001830 L +0.028877 L
+0,072731 L+0.934317 L+} x 0.012284 L) x =
+3%0.012284 Lx +
=0.00001288 L2 +0.0142982 12+ 0.0006142 L?
=0.01492528 L,
From Table 24, the corresponding area of thrust is
0.4756451 L— 0.22524825 L=0.25039675 L
The maximum positive and negative mo_menfs end the corresponding
thrust at other points caleulated in this way, are tabulated in the Table
26 to 28.
The maximum positive and negative shear at various points may be
found as the following example.. | |

+

X 3x(0.085924 L)2

To determine the maximum positive and negative shear at point 2 cor-
responding the ratio of /L =0.3 due to uniform live load.
From Teble 11, the area of positive shear is N
 (§x0.21705+0.11372+3 X 0.04634) X £ +1 % 0.04634 x %-
=0.0246415 L, +0.002817 L
=0.0268585 L
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The area of negative shear is
(3 x0.78295 -0, 64‘987+0 540.850184-0.21705+0.11372

+3x0.04634) x

L4 x0.04634 x -5 55

=0.2245415 L40.00317 L
=0,2268585 L

The maximum positive and negative shear at other points caleulated in .
this way, are tabulated in the Table 29.

TABLE 28,

MAXIMUM POSITIVE AND XEGATIVE MOMENTS AT VARIOUS POIXT3 DUE TO UNIFORM
LIVE LoAD W 183 PER FoOT, (m="

Muximam !

memens | Rratio of hught ta apan- (h/L)

&t point Y T R - o e e
feeeit, P WLY) 40 05 D4 . 05, O_b L R 0% 1
R 0.020371 030705, 0 N3152110.092520| T0.035115] 0.053807 0.051660 0.035415
1 0.025588 0.026728: 0.027542| 0.038345) 0.020009| 0.0%9813 0.030580 0.031315
=0.000172 -0.000168 ~-0.000169 ~0.000160! ~0.000145! -0.000126_-0. 00010? ~0.000088
o J.014923° 8.015007° 0.016786| 0.017601; 0.0185453). 00190—&7 0.019715 00"0300
- —0.004139 -0.004348, ~0.004414] -0.004416{ ~0.0043891 -0.004329 -0 004233 —0 004123
3 0.006012, Oﬂjﬁﬁ%l 0.007312] 0.008905 0.008382| 0.008857 0009.706 0.000723
*').020277;—0.{}31}1{2;]—0,019943 -0.010850! -5.019428 -0 01‘11.;7 0. 018876 —0.018510
4" 0.001437 0 001667' 0.001875] 0.002062; 0.002236 0.002398: 0.002 8 0.002605
0. 035707 ~0. 000105 -0.049502| -0.048878 —0 048282] -0, f‘-L"GTS'—O o a ~0.046159]
B =0, 093129 0. 09429 r-0.09347b -0.092471! -0.001881 | -0. 091103 -0 090'340 —0 089585
B «-.04754.)& 0.041148 —).046738] 0046336/ 0.045041( 0 045512 0.045170  0.044753
TaBiE 27,

- HORIZONTAL THRUSTS AT VARIOUS POINTS DUE TO UNIFORM LIVE LOAD W 1BS.

FER FOOT {m=2)

Thrust
at point
(oeft of WL)

C

0.085071

0.350673
0.019611

04
0.353606

0.328467
0.0235138

0.101227
0.163378

0.085522
0.238083
0.015450
(.338185

.R'atin of height tnﬁSpan (h/ iy

0.6 0.6 0.7

0.8 09 |I° 1

0280 428 |

£.260811
0.019616

0.196890

0.184752
0.012257

0.012427
10.084462 |

0.045210
0.151679
0.009766
0.187123

0.231677

0.216298
0.015378

0.130154
0.101642

0.051891
0.179285
0.011081
0.220595

0.154781
0.125646

0.058794
0.221638
0.012861

T5.170818 ¢ 0.150564 | 0151377

0.161177 . 0.142898
0009640 | 0.007714

0.098965 | 0.088488
0.071852 | 0.062075

0.126155
0.00622

0.080030 |
0.054346

0.033399
0.100477
862 | 0.007984 | -0.007296
152455 | 0.142628 | 0.127077

4.456083

.0.267666
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_ TAELE 28.
LoapiNg LENGTH {(COEFF. OF L) FROM THE LEFT OR RIGHT END OF- THE SPAN
CORRESPONDING THE VALUE OF NEGATIVE OR POSITIVE MOMENT RESPECTIVELY
(L & R MEANS LEFT & RIGAT END)

1

Ratio of hight to span (h/L)

Point " 0.3 ] 04 05 | 06 | 07 0.8 09 T 1
C, E and Bi 1.000000 | 1.000000 |1.000000 {1.000000 |1.000000 | 1.000000 | 1.000000 | 1.00000d
. 10.8LI050R] 0.50G250R] 0.808731 R/ 0.815912R! 0.845493R! 0.835007 K 0.846369R| 0.850339R
- 0.188950 L] 0.193750L} 0.196269 L] 0.184088 L; 0.174507 .| 0.164093 1| 0.153631 L| 0.1436611L,
, - 0.514076R] 0.5219571| 0.529478R| 0.536086R! 0.542235R] 0.547940%] 0.553572R! 0.558806R
2 0.485924 14 0.478043 1, 0.470522 | 0.463914 L 0.457765L 0.452060 1] 0.446428 L) 0.4411341
. ;0.2891-;;}2 0.296043R| 0.203082R! 0.514425R| 0.318860R] 0.825284R| 0.331110R; 0.336637TR
: ' 0.710856 L} 0.703957L{ 0.696938 L! 0.685575 L| 0.6511401! 0.674716 L] 0.668890 L, 0.613363 L
4 |0.155419R} 0.138877K| 0.142779R| 0.146752K| 0.150573 R| 0.153720R| 0.156821 Kt 0.159822R
: | 0.8665811.1 08616231 | 0.857221 1.: 0.8532487 | 0 849628 1./.0.846280 1| 0.843179 1.} 0.846178T,

TasLE 29,

MAXIMUM POSITIVE AND NEGATIVE SHEAR AT VARIOUS POINTS DUE TO UNIFORM
LIVE LOAD T 1BS. PER FOOT {m =2

at point

{eoeft. nf WL)!

Max. shear !

Ratio o fheight to pan

0.3 0.4

C

1

T kD

e

E

E0.09772%,0.100461

+0.035217 +0.05779¢
1=0.155217 :~0.157700

!
+0.026858 '4-0.028670
—0.226858 . —0.223670

+0.010320 ' 0.011287
—0.510320 —0.511287

140.002517 +0.002585
|~0.402517  ~ 0402555

1440.000000 140000000
| —0.500000 | —0.500000

05 06
0.102675 +0.104538
+0.059718 4-0.061406
—0.159718 | ~0.161406

+0.0580153 14-0.031389
-0.290155 . ~0.231389

+0.013078 40012757
—-0.312078 '~0.512738

+0.002804 +0.002987
-0.402804% —0.402987

-+0.800000 :+0.000000

- 0T
+0.105107

+0.062334
—0.162854

+0.032434
-0.233134

+0.018205
—0.313295

+0.905141
—0.403141

+.0000000

0.8

0.9

F0.107467

+0.064065
—0.164065

+0.033332
-0.233352

+0.015774
—0.31377+
+0.008274
~0.403274

40.000000

=~ 0.500008 - —0.500000

= 0500000

—0.500000

+0.108629

=+0.06126
—0.165126

+0.034110
-0.234110

+0.014188
-0.311188

+0.003589
—0.403389

+0.000000

—0.500000

1
40, 114641

+0.066049
—0.166049
+0.034788
~0.234758
+0.014551
-0.314551

+0.003490
~0.403490

+-0.0000001
—0.500000

VI.-MOMENTS. HORIZONTIAL TH_RUSTS_AIND VERTICAL SHE-
ARS AT VERIOUS POINTS DUE TO DEAD WEIGHT LOAD OF
THE BRIDGE.

_;L_et the weight. of the concrete be W 1bs. .par cub, ft. and the width of
the bri.dge' be b-ft.
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The weight of the top member ot different point are evaluated in
Table 30.

TasLE 30. EVALUATION OF WEIGHT OF THE TOP MEMBER

Point vertical depth weight
' (ft.) (1bs.)
(1) ) (8)
- C to 01 - WLib
1, ~1 1.0146 £, 0.10146 WL1, b
2, —2 1.0611 ¢, 0,10611 Wi b
3 -3 11541 ¢, 0.11541 WL, b
4 -4 1.3468 ¢, 0.13468 WLt b

In Table 30, the value in column (2) are obtained from Table 1.
Multiplying the value in column (2) by Wx 15 x5, we obtain the value in
column (3)

~ The moments at various points may be found as the following exemple.

To determine the moment at poinf 2 corre3ponding the retio of
h/L=0.3 due to dead weight load of the bridge. |

From Table 12, we have

M, =[(0.012284~0.006252) x 0.13468 + (0.034317—0.011171)
x 0.11541 4 (0.072731 —0.014089) x 0.10011 + (0.028877— 0,0K1171)
 x0.10146-+0.00183 % 0.1] WLt b
=(0.008032 x 0.13468 +0.023146 x 0.1154 +0.058642 x 0,10611
+0.017706 X 0.10146 +0.00183 X 0.1) WL 4, b
=(0.00081239+0.0026712 +0.0062225-+0.0017923+0.000183 WL?{, b
 =0.01168139 WL, b | -

The momenﬁ at other points caleulated in this way, are tabulated in
the Table 31, |
~ The horizoutal thrust at centre of the apé'n may be found as the follow~
ing example.

To determtne the horizontal thrust"at centre of the span_corresponding
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the ratio of ML:O.?» due to the dead ‘weight Joad of the bridge.
¥rom Table 10, we have

X, =0, 74085><0 1WLt, b+2(0 705545 x 0.10146 x 4+0.603395x0.10611

+0.442135% 0.1154140.234918 x 0.13468) WL, b
= 0.074085 WLt,b+2(0.071575 40.064026 +0.05102640.031638) T°Li£, b
~0.510615 WL t, b
The horizOntal thrusts corresponding the other ratio of /L calculated
in this way, are tabulated in the Table 32..
The vertical shear at any saction is simply the sum of the load on the
faft side of that section to the centre of the spah

. The values in this éase,
are negative and tabulated in the Table 33.

TABLE 31,
MOMENTS AT VARIOUS POINTS DUE 70 DEAD WEIGHT LOAD (m=2)
M n ! . . :
at (;:.Lgfntt i Ratio of helght tn gpat (h-/L)

.03

(Coeifi. of Wi2toh) :
. . 0 031831, 0.032716 0.033605 0.034385] 0.035318 0.030139 0. 03697-& 0.037732

04 105 ¢ 06 |07 {08

C

1 . 0.026832 0.027724] 0. 028609 0.029484] 0. 0»9268[ 0.081351: 0 0—,1974‘ 0.032731
2 1 0.011681] 0.012519 0.013459 0.014339| 0. 015169] 0016001 0.016828; 0.01763

3 —0 014071/-0.013177;-0.012297 -0.011417 0105?6—0 209756-0.008928 —Cf 00811

4 - +0.051368:-0.050475-0.049594'-0.048680/-0.047381-0.047051 ). 040.;..-5—0 4541

K

‘B

w0 002[%'—-0 D01242~0.100360--0.099479 098647|-0 0977610, 006980—0 09613
i 0.051053! 0. 05084Sl 0.050154: 0.049738/ 0.049286' '0.045955 0.048636! 0.04

TABLE 32,
HoR1zONTAL THRUSTS AT CENTRE OF SPAN DUE TO DEAD WEIGHT LOAD {m=2)
_ . h/L 03 [ 04 0.5 0.6 0.7 | 08 ) 0.9 "“__?-I
X (Cneff. of WL to b)l 0.510815! 0_.3‘?9050 0.3010801 0.248697] 0.211269' 0.1835589 0.181649] 0.14427
TABLE 33
VERTICAL SHEARS AT VARIOUS POINTS DUE 'ro DEAD WEIGHT LOAD
~Pomits T < 51 8 1 ¢ D
Shear (Coeff. of WT, tob) 0 -0.100730 ~0.204515 |-0.515272 '—0.440320 —-0.507650
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VII. MOMENTS AND HORIZONTAL THRUSTS AT VARIOUS
POINTS DUE TO EARTH PRESSURE BACKING BEHIND THE
VERTICAL WALLS.

Z=. _ :—2h-‘* . (W o )
(0.68838 L+0.06254) \ 384 T 960

B
T 480(0.68838 L3-0.0625 %)

- 3, 3w, 1 o

( 25 Wi+ W, )

Yeo
then, ﬂ’lc -=.ﬂf'|. =~'4;112 =j‘13 ::j’f“ :-“ -EIIF‘.‘ =Z
h? [ 2.5 117, 411 Yeeessrcersonsnrsveevas
~ 1507068535 £¥0.06355) \ 2R i H T jreeee +(30)
also, C Xh4Z—h(L U4 W)+ M=
- 3 op( 3. 1w\, 3 (W, e
or [__Q_,;M,: +2h (52 Wk o T )J A B G S B A
or 4-1.5.}II.~ +2h-i(—3+ W+ -_%—-n*) + M hz(W! ")y =0
thergfore, M,=0. 5M -!-hz( Lo 11 11'2_)...'...............;._.....'.';.....-.(31)
Tarre 34,
Mmml\'rs AT VARIOUS POINTS DUE TO 'EARTH PRESURE (m=23)
| | . Moment at pomt
Lo 10,1234, E(coett. of 25 Wb We) |- B (coeft. of. k%)
0.3 ~Q.00088386 | 0.1238952 T, +0.0662247 W
0.4 ~(.02116760 1 01235410 W +0.0660828 W,
© 0.5 —0.0U144770 0.1231904 W,40.0659427 W,
0.6 —-000172200 . | 0.1228475 W, 40.0658056 W,
0.7 — 000198400 0.1225200 W, 4-0.0656746 - W,
0.8 — 0.00225720 1 0.1221785 Wy +-0.0665380 Wy |
0.9 —0.00251800 . 0.12185256 Wy4-0.0654076 We
1 - 0.00277460 0.1215320 W; +0.0652796 W2
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TARLE 33.

HORIZONTAE THRUST AT THE CENTRE OF SHAN (m=2)

h/L - X, (Coefi. of A)

0.3 . - (1.3783144 W, +0.1013257 1,
04 0.5793770 W, +0.1017514 ¥,
0.5 0.3404288 173 +0.1021717 1>
0.6 0.3814575 W+ 0.1025830 117
0.7 0.3324400 771 4+U1.1028760 11
38 1.3834645 1’y +0.1033858 17,
09 . 03844425 117, +0.1037770 11",

1 1,3854040 111 +0.1041610 TF

VII. MOMENTS AND HORIZONTAL THRUSTS AT VARIOUS
PO!NTS DUE TO TEMPERATURE INCREASE.
For increase of temperature of ¢ dearees the value of ¥, by symetry,

will be-zero; and equation (&) and (10) bacome

"—E— _kE_r'.'....“.“ TR R T AT N Y] lunc"n!.olt-.na r)
$KI,CLt=5 - X+152 : . (32)

and 0= 16‘1*(034419*“‘ )/.. ..... v eeinens cererne e (33)

Where C is the coeﬁlcwnt of expansmn.
Multiplying equation (33) by % &, then substracting the resulting equa-

tion from equation (82), we obtain
4 X1, 0Lt (022946 h L+ ) 2
e S e )

L

therefore = 370 59518 AL 0. 020833 1) CEL,t ......... oo (34)
From (33) X= '-—_ (O 84419 L+0 12)h)Z nrenn -uu'u--.u.(35)
Then, Mc =M1=M,=M3=M4=ngz

L

2(0 59916 hL-H) 020835 h!( CEL t soresrseners(36)
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And -

Mg =Xh+7Z

=16
T h

19 (034419 £4.0.125 h) 2R+ Z

(0.34419 L+0.125R) Z+ 2

=[ - %(0_344191;.;.0_12‘5;3)] veerenservorinsionens (37)

TAELE 386

MOMENTS AT VARIOUS PIONTS DUE TO TEMPERATURE INCREASE (ORRESPONDING

DIFFERENT RATIO OF by L (m=2)

Moment : . : e
at point _ Ratio of height _.tu span. (h/L}
(Coeff. of CEl, t/L 0.3 0.4 0.5 0.6 0.7 | 08 | 09 1

0T, 5, 8, 8, B | ~7.071100] —5.256300 1. 163900) ~3. 144100 —_.926300 —2539300; —2.233400| =107 00)
B 136.869000] 75.858000° 50.086000. 35.054300 25.955500. 20.019500; 15.899500] 12.999000

TABLE 37.

HORIZONTAL THRUST: AT THE CENTRE OF SPAX DUE TO TEMPERATURE

INCREASE (m=2)

- h/L

LR ! 0.4 R &6

0,7

X, (Coett, of CEl, /L")

£79,819000 | 207217000 108,312600 | 61,164000

47258000

- 0.8

28, 195000

0 |

20,148000 | 14,886000
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(B)5 1 47 Fi.
Ot % B8 ¥ 5 JE 69 U B4,
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