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A Study on the Prestressed Balanced
Langer Girder Bridge

Noboru WATANABE

Abstract

The pre-stress method described in this paper may be called “the Pre-stress method
of balanced Langer girder bridge by meads of side span surcharge method”. The erection
procedure by means of this prestress method is briefly descreibed below. A balanced
Langer girder bridge is suspended Ly the temporary erection towers and the temporary
erection cables such as illustrated in Fig. I-1. 1In this case all parts of the bridge except
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the arch crown part are fastened together permanently by means of rivets or welds.
During erection, side spans’own weight W, and W, (shaded parts in Fig. I-1.) are sup-
ported by oil jacks on temporary supperters, so that no stresses are produced by W, and
W, in the girder of center span /. Now everything is ready for pre-stressing. At the
signal of a gunshot, the pressure of the oil jacks on the temporary supporters is loosened
slowly, so that the negative moment is pre-stressed by W, and W, in the girder of center
span /,, then the girder of part /,, is bent upwards and the arch crown is opened ¢, right
and left. After opening 4, of the arch crown, this arch crown part is fastened together
permanently means of splice plates and rivets, becoming
as indicated in Fig. [-2. Then the temporary erection

towers and the temporary erection cables are removed.
After the concrete slab and the pavement have been
placed in position, this bridge is finished. In actual
practice this pre-stress method was applied in Decem-
ber 1960 in the erection of “the Shoryu Bridge” in

Hokkaido, Japan with good results. This pre-stress
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method of the balanced Langer girder bridge was used in this case for the first time in
the world. Before the practical erection of “the Shoryu Bridge”, many theoretical studies

and model experiments were made, as are described in this paper.
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T k' — A v bERFODIRINE L S K p=1
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3. ZHPRROEEEN
Maxwell ® FjlcE D KII-11a® b, &, X b P=l
H-11bD 0, EFE LW, II-11b D& m DA = 5 5
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El, k3 Omo 5
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N R II—11-a~d
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(85 —4x?) 2503 ( 5\ L x"> _—
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4. arch crown IROEIEAE

Sidespan surcharge method iz & - T, b, ~L

pestress A A thid, arch crown i3 58408 a s s
FkaEIC B, KI-12aDEBHTHb, N
1I-12a i 1+ % arch crown O RO zm

c w 0
@Ak A I1CiE maxwell O & b, arch , A m z \
I o 4 g Ee S

crown IICACEAL S D 1 THT O {LE A m | e

Me=dh (- 1)(F - 5) t BIFE - X0 h

DEEAERDIE L, DL KI-12a0 e kaee
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BT, crown #icl a2t b &, KIl-12¢ f. -L : -
ox31c, Wi w=0 " 18 g o T ,

., _ , 1—12-a~f
B LSS LYy, o, frld arch

DPHRTH D, 72771, DB, Langer @ arch EHfEDE O DFHITHib e WP b E XIC
B, ®MII-12c 0k S, B EAEICBOTHO BBITERT AR L TE»i g il
Ly, #FE, BI-12c O &5 R TREBICBY 2i708AK S Z O % arch crown O
B 0 OEBMNCIL S, 20T, ML 12c ofiffikEOIS &~ 2 v PG, K1-12d BX
CHIL12e THAHPS, TNHxE ”Elll' LI bDEMEET 5 T &~ 2 v R,
ENWRDBEEARKTH L, THhL, KI-12dicx LTk
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COBE, LIKOWTHE, ENEFNFEDO LS ICnbIRFNERs iy, 4, fRxHic
HOMT T g Pl E NS & & O crown OB &

7 3 3
N S . ;ﬂ# 1. 4
d = q,SO Omdx = 15 {15]1 (1—7s)+ 121, (IL. 45)
THbH, HIMOBED 0n OEBENE, PRNHOBEOEMNE T O F EHIMITERLT
dam

N EC, o THIKMO 0w OEBROLAICBT BHRO 1, “F2 CHOT =02 %
g

Sl 7 f_zi_}
E{M(1 T+ 57,
T, COBe, U0 L, kT ZxeE~ Ay P ELUTHRALIY) Db oEFND,
KDL, WEWH _—xE— A ELTHRALZN O DEH VS, #F, 0. Ol

RDE DB,

P fl el D 5l 1
on = { e (1—19+ 2[1;.} PR 2 507 1 (I1. 46)

A, BN g Bk S N5 & & D crown MO RIZ

©

z
= ng 6mdx:

0 E{f’ (L—79-+

le_} é_ ............ (B o &) (1. 47)

§4. Prestress EOETE

Side span surcharge method iz & - T prestress %3 A L7z #ié, # @ prestress g8 E D
DR THBPENDI CEE, SHIC, kb ARL prestress fi%& 5 5 fcdicld, OO
M EEEH Lic o XndpE 0D C E2RIKEET 5, CORGEIE §2 OB B k% N
Wi,
1. Prestress B8O B EHEH
ftsfed Langer 5§ & prestress i A & A Langer 5 & 3551, #MuiEoda, K II-13

a.
Wa We
Wa, wy Wa Wy W e Wi, W
o3 AT 1

o > 1 #ROLangertd
=T !
L»»— & ALH ) R
b. 1\
o nWau/ \I\wzn W
NG e |Prestress#ALE
12&% Langerid
C.
w3 Wa Ws
[A)

II—13-a~c



17 FURAPVRFE X5 YR F -5 v # KR 31

OxSic, LM E W, W, 0a8REELTHENTS

SHRIL A, WEER, 10, kO Langer 15E LTAMT BRBIT-orE
3, CCT,
= %€ iy i =R, BHAETS & 4B IR

P o= e T YAk Vepitrynip

EL, suffix 1, 2, 34, Fhwn, i, M, e
DbDEEKT B, W, Wy w,, wy, po Py &, FHMHE
(t/m) TH B, CNAEFBOEPHE O ICE LA, PRD
W, w, pOIiEbdcricd s, KI-143, Exilg=
—AVIRTH B, CCT, WAEAED Langer 15, Y 14
prestress Z A U7z Langer 16 TH 5, ik AB BXUO AR Oz, i BC B8LU BC
DIBIETH B,

BEE -4V F(tm)

21

i AB = paus-zeLo+p, W+ P 2L,
F (Wasa10a0) (L -+ L) H (W 4wy 5%,
i BC = pavargly+py A+ P Ly
+(Weistwsis) (Lot L) H (W 4w) - 50,
s AB = porar gL+ p W+ Pyl
+ Wasa (Lot 5 Lo+ e (Lo + 5 Lo) +(Witw,) - 2,
i BC = prra-xl, +px A +P L
4+ Weia (e Lo+ L)+ wens- (4 Ly -+ Ly) H(W, 20 5,

T, LRBBELTolT =~ 4 v 8 ch 3, Xig, KII-14 08O
EET B,
kpyr i kp
AABD :S Y AB— S ¥ AB + S
4]

kg

IR ) g
AB+S, BC oo 4
A',l)‘f

0.5~
B”C”—S BC-+we AT A

kp

DBCC/D:SZZI?E/ g AB+S

kp
ﬁ’J 29 I’J [ T” ’ﬁl
&gy s
[1BCC'D+AABD = S IAB—S

0.5 —~ Apr -~~~ 0,5 =
Bc-{ "ap+{ "BC
kg vo kpe

Ly, AB & 1?5/&03@-1 D DL by HILA TRDIE T H LN E DD
%‘9 C-nl ’9‘—

B, TORE

DBceD+aapD = "AB-{ " Ap+ S“ Bo-{"BC
s B
= S:H’Wz i3 {<Z§L2+ ii{—sz)"(tf,r:Zz**‘ Lz)} + SZ:WZ 3 {(ffxiL2+ ’ﬁ'L2> _(A{E2+ r(izz)}

57w (bt b=t W (Gt sl (Lt L)
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COALOELIEEE, B2HEETHL, Lrb
Lot sLy = L{—(1—k)+D}+1L, {—k+D} = (—1+2D) 1,
= {—14+5kQ—k)7} 1,
glat oLy = {— 145k, (1= &) T} L,
(s Lo = (Lot L) = 5k, (L= k) (1= T9) L

ETLB, PE0T

i 0.5 -
OBCCD+AAB D= Wm-[~g 5k, (L—k,) (1, —T5) l2‘|“gx 5k, (1 —k,) (1. —Ts) ZZJ
‘D

4
D, 2 & 185
kRi=x THDBHH

0

LB, chid, M RICH LTS TH L0, ML 2ETR, chz2fEliign
755150, ik, prestress IC X BT & — # ¥ F OEAFSHE (A B Tchbdc &
Tx5

42 3
[A];10wa3vpﬁm%g{£[~26§%—né%)} (L. 48)

TR
Wais = 7.284 ¢t 7. = 0.97585 s = 0.765
l, = 6.5m /, =650m zp = 14,625 m
THotehb, WAL 48)IC K D prestress 1T & 2 EAFIASMIEE [A)=263519tm* T#H 5,
2. QIEMEICE (S surcharge Z# AT 55 B D prestress EOHE
fll=7 1c & &1 surcharge & LT ¢ WA AW ELA MBS UM &4, arch crown
PLAEth, C OB L7z g 18 AW Mk A 2kt LT prestress T A KICHE LT H B
T3 RI-14 0 EERAEE O RTE, MI-15a10732c ERFROEBY TH B, KiC,
& 51T temporary 7L surcharge g % MEDOWETHL I EE 2 &, glIt&>TC, thhil
M MI-15b o =~ 4 v FRIDPHT S, KINT, arch crown ##i#5%, < @ surcharge
kTS E, MI-Iscn k2 ihide— 2 v P2 5, £ LT, E&iicld, KI-15
d @& 575 prestress B4 T AHHICIL S, 0B, surcharge ¢ MBS LT &4,
Langer & L T3 411E, prestress mllifid
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DETHMT B, CHNRTEELCETHAD
THhH, HI-13b, c ® X 51T LT prestress A A L84 &, surcharge ¢ %

LAl S

Hb,
3. BbBE Y/ prestress BEOEE

BB ED, NIROMBT ORI - 12,

Side span surcharge method

{‘ OJJ@,,L[: ‘LCZ} &]JKOJ&%) F A

CNERRT Z

A& MI-16 LD THB,

¥ Langer f§& LT g ZHrELIEALET

TNEATEIIC

U Cillend 3 2 M e (W] &9 g, PNERE TR
[A] = — 0.5924 [ W +50.8528 [ W]
6 & LRy 5 s ARV (]
(tm?)

@ | Ws= 3480t 130.400 E
@ | Wat W, = 7.284¢ 261.520 <
@ | Watuws = 26901t 914.172 >
© | Watw,+ W, = 30705t 975.964 g
® | Wetwst+ Wetw, = 37.920t 1055.657 et
A | Watwa+ Wytwwatg = 47920 ¢t 1050.227
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D | Wt + Wytswotg = 67.920t 644.560
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THRASIN, B HEYBMLMWER [W]=425t TH O, BARKRISHE R [A]=1070 tm®
T iy

L. ZEAREER

§1. EBREMEERAGE

1. =8B M
AR, MES O EER LORBE T, JFIC prestress WAZME L, FITII-1
(chain cable) & 2 & 5iut I1I-2 (wire cable) o X 5 73 B fG %% JH U T prestress i A 2l 2

T80, T TIERR LS JTiE h o ZBTE LR 12 & 2 KB IE L, S ICHEIRICET 5 HBD
prestress AWK T 22 HME LT 5,

_ ﬁ"’%”’ il
A gg&ﬁﬁ“’

2. EBRAE

COFEBRICHR L fo BTG 5 d, rhded 7m, W24 REA 1.65m, T H75 0.42 m,
Langer $t 2% 1m, il M7k 0.9 m, HifTd KO _LaiREZE & D Langer f§ T, Civae s
T AU EIE L, By 2.2 m, cable #E4 1m, Tl Langer |§ & 4L ¢, cable i3 chain
cable & wire cable DA DS, B IECNICHHE LTHEZ#NDT BT EMNTE B,
EEOFHZXDE LD TH- 1,

(1) Wahfio s 04, (i) Langer Ko
A DL, (i) B0 A DS, (iv) Langer
& miEE DA bdbRMEDEE, v &
KICHEA A Uc & & o, (vi) HEIET O
BEgE D S, (viD) LEERED G D R, (viil)
BT O PP R P 9 5 J2s (5 L TTL-3),

Wedur ik i, thoRSE 8 5 0 2 L ‘
& L, Tt & LT concrete block % JHu, % BB 1113
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§2. HBERICKDEREHMOBTSAHERY

R E VD DR, WAVARANGZUPRHEBER EDEBE S T THEhs, WK
FLHHNmY OMARLTHBEERES N, T78h5, MohOEELGATNE, TD
LD RMOBEE L HERBNERT T 284610, 2V EEEE B E 0D — N HO

e 7 4

B, —DOHA NI AT o it LTI BRI R L oD% 5 11 2 VI & S d

B EMTENEEIEERTH L, €T, OBkt /c, $8bb, Ak
Bk T, H5—20HBICBNT, Rolfolhiye— 4 v, MHWIBITRHOREA
EFRICHM L TH B, Labim, MRERE I e nENliLTns, 75&,

NS DPFEME, BERICHEICEERASOMMBRICSE 505, 2o OHOHIAEZDH S
MUBRDTEFIE, CTOMMEMEICRDSNT, CRoDEBEREZIELLHBENEMEHET &

T& b, TR@bb, IFE— 2, W OKFD), BAOMBT NTHLEESNLINETHS

—DOMEMBRHZMETHO, COMITi> TR Z T 20 TH 5, KACHBHEE I
Pl c icd %

1. RBIETHERE

s 3 LI ST g, Al T B G S L A T g, R I B e
LEREZD, DIFOREERE s BlmETNE, ol e~ v P, 2hEn KT
l1-a, bO XL B, FRRFEAKT He BIXA IO RDOEN B,

o REMER b REMER

o
ol
i A S

III—1-a~b

4M, q,ls

I{VI = L = A o CURTEEIPRERRPR ;!]yi’)’(”u‘l,kﬁj
45:1 8/20 (1. 1-2)
/1 wla . S el ebie gy
Hy = 25 = %T Tgeeeoeeeeeee 98 3 A (HE0)
o DRENEE b. % HRIEA
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Y
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Z T, fsld cable @i

F forhdeEs

Th b,

o EEA K,

by

22

MU-2a, b X510 5

BT, VE, iF e~ 2 P X BHTOX I fker OFE L e, KD K D BEA
7 0, cable ® Hgseca OB &A% en, tower O Vyll X A EH "
% oer EFAUE (Y II1-3), '
T O PRI G S B 0T, RO EET 5, K ,
Feosufhix 1, 20&, =& gy, SR % R T, Y O] -
(1) dexu & ey & DAL I1-3
AdM, A e 5 sec
desny = “‘:,;75 e = "'(]8 ey €m = 6]8 Tse /\F/Cf
_ AMuy Squls . e _ Sgils | seca
desen = “ppe= Ty Tvgy =g SUREA,
de despyy  efsA cosa  21X100Xx10.56x0.894
&, - €11y - I - 21613 = 0917 <III 3>
(2) desr & 40 & DHIPYYE
) @l e 15, = Dl
dean = =g~ T gy 40, = 3eapT 8
) - ﬁﬁ e o 25(12] lz
deypy = 3 Ts Vi 43, = 3RAET Ts
Aemq‘ Aemx{x = 48e _ 48X 21 _ -4 [J,,,_A]
d6,  ~ ds, ~ sl ~ sxqoor ~ A0 - (L 4)
(3) dewy & ep & DY
egy = DB o€ o= Dl (tanadtanf)
dezpp = 3 Ty N ey = 8fs - T EA,
4 _ 5g,l; e ~ 5q,l; (tan a+tan f3)
Eafeds = s A €7, = 73 T Tse iA
desngy  despys efsAyp o 21x100>11.288 B
en T epn,  Ilttana-+tan ) 21613(0.57144+0.8162) 0.774 (1. 5)
2. Langer $F(l (T 2B
LB L WS i T g & W5 B B & TS ] L 1S i v T g, 2RI T A By
ExFA L, Langer ORI EE v s 370, frolh e~ 2 v PR, 2nEh
o CREWEE wEMET
4 l . =
SMie=(% 55 i) g 8 Ry .
;A_*fr 8 Ale§’K2 35 Ne 7'2* AMN’"(:ﬁfi’)]’(ﬂ,"@ 912&
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K I-4a, bokHicts s,

T
571,

8 (14 5+ ;)

j ==

BrceiE, XALI2) LML TH D, £, NFEAVT H QXL ORkDo1 5,

1 e B s s
His = (5 gy ) dadioeee s R
. (I11. 6)
Hiy = = (243-) 0% o S M3 G0
S, IKMOGORAEE, KI-5a, boks s,
a. hREME#E p b. R MBS P
k > N RPN

T B .,
B 8= gy (S re S+ NS i
it B

‘GEI{] KU“*“’(? zn)}%szﬂ?
i

L e Gt oo )8
§ . : iy 4
TI1—5-a~b

BT, 0E, hSfE— 2y P& B[O Rhid fiber DEAE epy, H D fiber O
BB ey, arch O Hy-seca DEAH%E ey, HONWIDEELE 0 LN, C OHEREIRG
KB TR DM SEET S

(1) dar & e E DM

1 e l
M (§+45)ifiroat g (544 )iitaga
Mivh =T iovi h (fr+e) EA, cos a
B eN gl
919.¢ > Ve <2 ~‘_> e o) 422
e — AMoy . <+3f1 (frte): 5 i o +3f/, Jfite 5
k= "y il J : (Frte) EA, cos
Aoy Ao e(fite) A,cosa | 21x121x11.288X0.894 .
S L . - i = 118 (IIL7)
E3
(b )i
B AMs y
Mg T =
* EI EI
D] _.e> e _qzlgA .
A]V[zk (~+3j1 / 2 ‘
deatey = e = El J
desny _ Adepy A, cosa  21°x11.288%0.894 .-
e 21613 0206 -8

(2) dey & A8 & DI HE:
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1
<5+A} > (ot dad e \

4 T T > 4 7, = ——— :

e EI | 4o ABEI @9+6‘<5 af, ot

. e (]21 45 \ g

) (3+3f,,> it 10, = gy (6futk60) (243 £ ) i

A€ yropn = £l e J

: 21
48(L+i;>e 48<1+4—~>21
Aoy _ Aoy L -f - 100 ::398x10"4["i"] (I1L 9)
cm

5, 40, < e\ L Z 4M>
546 \1 5+6X {55 ) 700,

(3)  th B AT & 28 A Ry & DAY

A[\[; g = ( 5 ‘“4“] > fl +C) qlll x.’“\{[gq; = <.2 T) f[ +€) q, 22
1 e [2
AM, = <5 4f >Jc(hl AM .y = ()—{—37_,.) Jeq, —
"(JI\L,;,) J‘/[ - f/ +e . 100+21 .
My, T M, T e T oz 7O (L. 10)

s, U (IL3), (I 4), (IL5), (II1.7), (1L 8), (IIL 9), (IIL 10) ik 5 THXD L 5 1
Lithind %,

() A G IR 25, MEE AT, ChAERRT 2 SBHBICRE0T, i
R E T 5 EMTE B,

() hde AT & SRR O MBI, S EiL, LML, COMHEO KR
Hkbe, T — QMR F TR L TE,

(i) HERFGROL N O, hinge > cable anchor ORI D EML L, TH OB
ELTEDNAD, HIBIRICZ T 253005, oI HUEATY, HIEM. - TMmL
TEU,

(v) it g, YT REREWCEMHRTHL»o, TN HERE O,

3. EBEROVOLHRERE v 2RKDBIHE

WE, ewo= TR~ 4 MICH B BRI ORI LD E A L3, R, B III-4
CEDRDMFENHY, DR TARFERET 2T &8 TED

(1) 15 b e 3 IR0 o B

Z} C ]lf
a0 = %IF; , desng = ESYL% Ts
..46‘;11‘;,
T = oM ;
§ oo (III1. 12)

(@) G TR O 8 &

lie 5¢.,l5e¢
a0 = *gZE[L , Aeypy = _8(]&; Ts
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4 A&\[z-p
To = = X it <
s = X (IIL. 12)

(3) Langer T rh a3 il © B

K 1
€0 = ng; despy = < 4f > (fr+e qli y
El
Aepnm 1 ¢ PN . Aeariw
z:j", = 8 <”é’+"4‘;“’>](fl;+€), R . Zm! X ; Ll
A0 < L Mo e C o
~ 8(5+7 ) (futo
5 417

Lraic
j= 57,

8 (14 5+ )

2o,

5¢ 15 ¢ 5x21 15  21°
Tﬁ_@mhxﬁ@+4f+8fﬁ sen 190 (155105 8 ¥ 1007)
£L =

€ af0 1 €0 1 21
5( 4f ) (fr+eo 5(”5‘*4><100> (1004-21)
= Voi)5 X‘A:ﬁ,m (II1. 13)
(4) Langer {5 T AT O Be
3e > q.l:
. 2 A L
e = Gulie e — <+fL i (fr+e) D) .
Mo 2E1 » M E[ b
—461‘124! - (2_*_%_) Jfote, o = de g % : 1
s - S <2+7f—> (fr+e)
, 5¢ 15 ¢ 5x21 15 = 21*
, e, 8 <1 2, T8 72 ) | desg 8“OO< 5100 T8 X 100°)
’ €0 3e T e 3x21
5<z+7~—> (fito) 5<2+_i‘6"o )(100+21>
=L Aeang
= o X o (IIL. 14)
\Q ~
1 EMEREC LS EREHOBH f 2 S
Q D
1%, Langer [ B4, R ALT), ([L9),  agygbrr S oS
(1L 10) % B 7R 3 % &, B 1I-6 © & 5 15 HiiH i VY 4
RS ND, WE, IO 1RO KT s
BEmpa| " R : ; H
desny, 40, e BHEPT X, FIFIC deana DPEZE ? ) P i
B, %A, MWD LEOKRT, e, T S ——

A0y, ep MIEWT &, FIEHNC despys 3 & % 5, 1116
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derpy, deapn HE TAE, 3 AI-13) B RO TI-14)0 KD 7L 8K E 5, S b g 131 [l

BT LT, COH TR HBBG RO ARE R s BL U T, R oL

£

HTHot,
Tk FOEEXOHDT S Y IOTBABITHOHEAR KII-7T~100EB0THY, &

X O DT 72 - TV B T & DRI L,

= 1111
! ‘ N
A onE ahle s 9k anc ey [ U R e
WoE cable | 3 7k | anchor crown | MO s |
_ ‘ | |
(1) E 1 chain L oW 0.358 0.172
(1) B b chain = #l%L kiR 0.122
() = e chain | #&0 | KNG 0.074
(1v) e % wire s L o ‘ 0.110
(v Langer #f H L hinge P 0.761 0.654
(vi} Langer #F B L slot [ g 0.622
(v Langer f5 s L hinge B 0.453
(vin) Langer #% Bz L slot B 0.307
(1x) Langer # B&b slot & 0.255
U I —
¢
ES —254 é'ﬁﬁ !
@i -2
4 1]
1.3 i~ 20
~
e
120 <
s
=
1 E
AN
oy T\ -0
ke 10 W
50N e
i 09 -
AN
]
[ 08
& ~ 0
b E
& L — 1119 223 Ry
L B
A o
T‘ S 06
w = ~0.57
- —0.50
= 0 —0:49
~ (.45
04 .
=
& ~0.36
0.3} %
5
[
o = ~023
01
1~ 0.06
,._IO e i e i e O

-7 s ks & T8 s f ki B 1110 237 ik
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BIED anchor OHHEBHE#ERBLUICLZORBORBHTEEE 15

BRI RAG 23, B I-11 o & 5 15 backstay anchor % & - T ¥, backstay 1€ /) hid: 4

% &, SRS IR T S 2B 2 T B

SN O RO THIS
85 = 0.000095 cm/kg
TH -7,
Wo>T,
R s, NI DickY

a E dx L
Ty = © [ e
SOE“]{ dx—{—?,?‘g(‘)\/; sec ﬁ

Sl Mz

°

15 @ anchor OB T =& Lz &

C DT IE A dial gauge THEHIL,

7

Ticeererd
7
Dial gauge

EXOW Nl

11111

1 . S
&l 1%]‘"‘;11—}—2719-0”-5% /3

THY, WEF A1) OH O NSO #GHE Te=0.358 LA T 1L

8% 100° X 700

2.1x10°%x21613x 15

%X 0.358=:0.480x0.358=10.172

T:q: J—

8x100°x 700
2.1%x10°X21613% 15

+2%0.358x0.95%10 *x1.31

135, o, U1 @0 AE O A E FRED JBR i 0.172 1 —F L7,

§4. Arch crown I OBEE

# (II-1) i BT, chain cable HfE O R ERENE 7¢=0.172 TH -7z, F 7z arch crown

B I fit > 2804,

KII-12D, ¢, d, e D & 5 10 A HOIFIREIC DO TT IR - 7,

AY\»
e 2150~

8IS0 = vyosm
b.
2y Y
b 1800 »fp PL 1= 18060 ]
C. s
S J 2 VT, Ll p— p.r IP L X=3400M - o a]
d. . . )
pt"&'—'lSOC""J Lo gaal5pom >t¥'
e. 2
pl. .5 EO )
Ze=T50M L= T50M
111-12-a~e

arch crown ¥ OPHE o g atid, G dl-44) B Lo (dI-46) ik b
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_— Sili, < _2z £> —rgt <£_£2_.> e thsl .
Om = E[ { 3 ll l? + ll‘ (l TAS)'I" 2 ll f } [‘])\ F:ﬁ U(’fj <III
. 15-16)
Oy = {v,, 1—T¢+ ‘él }x .......................................... s W R i

THoto, I fr=100cm, [,=700cm, e=21cm, E[=4.63X10"kgcm’, 7s=0172 X k&

CY [S‘Z] 111”12 b~e 0) x OJ{E%thA l_/f: & % 0) 677b & I) C\:_ @HHOJHLHHJL%J@%D/T L/; FJ”J <— 67IL 0)

FefifE (dial gauge THIE) &, Fov rLies (OF), WIUI-BS~160EB Thot, T

1h B, BMEGMmEEIMEER, X—HL T, B, NEeERErsBeBmichkEans
Y, Hiosgeitsd—tERL,

% 72 arch crown 5D K IEZE KL @ i A AT IS b A,

ez, 301 44) B LK (11 46) 13 & OB EHABIE LD TH B T Ll L 72,

510k - T, side span surcharge method 12 & % prestress T .73, #EiGRE O IHIICIS

FHUTRIFEERIEHEL 2D EMET HICE T,

3 I 3
z = |gpem = 34000
PQ
2 2
S
=5
g £ K,
£ & I
LD
.; &7
E s
0 500 1000 1500 o 500 1000 1500
P (kg) P (kg)
1118 g 32 i 3% % 114 o g8 32 ] 4R 45
3 3 U
2 = 15000 Z = 750m
o
°
) 2
R
N =
—~ + ]
€ \\%“3 s E
= 7/ 13
A 5 -
5
‘.' @
®
0 508 700 7300
P (kg)

£ (kg

115 22 3% # ik 7 nI—16 2 % M &
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IV. #EFEORGEER

§1 4% =

MR, A i) ine, Jhifge P s
RickoTHFEINI b DT, hei[i{]65
m, XM 65m, MM 211m, FHRTKS
7.5m, |5 246.8 m, {iqfi TL-14 A {09
% 2 %5 balanced Langer ilgT, Zezkst
Wi, ZARWPFIED prestress HATIEICH &ED
W, AR T & L T RS BE £ T SE AT
U LT, PRBCHETIE o /KSR AL 2 58 T
H U BHRIC, HIEHEZERA L TR e Ll
HEERET B2 HEERM Uic, AmBORZIRIER, FHIV-1IDEBD TH L,

Wierh, prestress LA O FERIHIZKD LB Th - 1z,

(1) Zebroh o mA MR, () X HMONFOLM s X0 450 1 AOMmEZE AL, (i)
arch crown O P&, (v) rhdzZ OO G 7143 71, (v) backstay cable dikJ), (vi) cable
anchor block OB, # LT, THOEANELE LT 66 #Hz5eE L,

§2. BHIEEEROER DB
1. AEBOBREME_XE— AV FERBRERK
M fE o B oWk Mo, AL 27)—30 AL 37) ic X U, B —ixE— * > b
ZUI Tj‘%& A}KIV 1otk Q%%

® IV—1
oW % % 1 2 | BR 5.0
(”\ ﬁ) HEBEAEE LT EES (1. 27) 1250874 cm*
) R R R IR P LY (Ir. 28) 1082098
M W ROBAZEL(T LR (IL. 29) 1314357
(L‘__J—_r—‘*—_——L_A MR Z R OBAEZE LT 2L (IT. 30) 1129015
= HEhROBPEHAEZE LT ELI% (1. 31) 1082098
P HEBAEE LT EEO (IT. 32) 1082098
e T ROFEHEE LT LN (Ir. 33) 1048251
PRSI VN FEEAEZE LT ELIE (1L. 34) 1128399
= T | MG RoBsEEL T ALk (1. 35) 1061349
{L__,—__l—g EHIOBEAEE L T ELI% (1. 36) 2086863
EHMOBELEZELLTELOR (IL. 37) 2280571
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g 1z 5 ‘}M"ﬂ; l?r:f D .I.‘Pnll/ﬁ”/:] 13 ;],\‘ ,',Tl-‘/\t’{;f:jo/( 1Z (7( D &: + D = 35 - f:o
T = 0.976, Ts= 0765 (AIH I IE)
2. EHBEEDDOEHEOER

ISTIFE P DI D IR DT, = DB
TH-olz,

o (mm)

i & SIS & 7 Ll S

IV—2 % B 1l

(mm)

5

Re

i

30

V2L 5D
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N ! ESE D _
i fiE S i AR 2l
Y2H7 I (mm) 5.00 5.00 7.63 7.63 6.06 5.81
7 [ e g o TR A (mm) 8.15 9.50 12.40 11.25 9.86 9.00
arch crown ORI (mm) 6.00 7.20 10.99 10.50 8.75 6.50

Fh, hRFMOWOERICDWT, MR &E HMEE 2RI NENIV-I~30EED
ThH-ot,

T, OO EAIICDNT, Bl & HHMM &2 e il
T%otoﬁmbg,mfh@,WWMt%MMtw$<4%of%

prestress {&, FLIT1ORE S & GldM: & & & - Coprde 2 R EG R
X,

X IV- —hBD E B D
b, HEncirsg o itk
nljﬂﬂfj L)‘L)‘/‘\ LA T %)0) &{ﬁ i

V. & & b &

Side span surcharge method | & % balanced Langer k5@ prestress T H:ic DV T, £9

ZOMERERRE LT, CNEBABEICE 2 LA HBICK » TE O M2 51 L

DNTHRER O THIC Y DT I NEIEM U RIS B2 15, &, %550 prestress 10

¢ H % side span surcharge method DI Uz, AW, W33 4ER X O IR
364E2 AT, M2 HEQIfT b bDTH B, D, IHRI34, 354EED 2 A4,
KHH A

ERTFE L O WA S 1, & BIC, SEERBIIMEG o BE R ST DT, D
FEROPW e > 07 LI LTHEERT B, S, KTEOLM%E
SEIR AR = E

>

el U, ARk
ik, Mo Bk
B DN TR, bR SR LA
AR S R T, SR T I R EREERRTINETH B,

T, wI7E A I E &R Do E BN 20T,

e ow T, JGiEEPESE R R B ARE 1T, £, EPRY




