3.7.2. Structural Analysis *

Thc structural analyses were con(lucted for componcnts of thc powcrhousc structure
" under El. 98.00 m. Each component such as the walls, floors, lallracc draft pit and
foot of the splllway was assumed to be a ﬂat slab, beam, and the combmahon of them

. under the several load condmons, whmh are shown in Plg 3. I 4,
3.7.2.1. Computation Cases and Structural Models -
) Comput'atioh Cases - R |

- The toIlowmg loadmg condmons were constdcred for lhc dosngn of the -
'powerhouse The PMF condxllon is addcd to the load condmon for stablhty

~analysis of the powerhousc fo: the_des1gn of_thc outer w_all_ on the splllway side.

a. Normal oohdit_ioo B ThlS isa normal condluon aﬂcr compleuon of the
R - : -, o Powerhouse _ '
b Flood‘._oonoi.ti-oh o ':‘Thls is added to the normal condition in | which the
A R watcr Icvel in the sullmg basin is subject to the
:. flood of the 100 year retum period (Q 340 m’/s)

o

~“c. Seismic condition : - This is a seismic condmon, which occuts when an
S B l. R earthquakc hlts the prolcct dunng operatlon
* d.” PMF condition " : * This is the unusuai condition in_ which the water

level in ‘the snllmg basm is SUbjCCt to PMF (Q =
1 310 m’/s) o

[0 St"r_hétural'ModélS,;. RIS

" The s't‘r_o-ctura.l models and load combination are shown in Table 379 h

372.3 Loads

| Paramctcrs and the fonnulae of the main Ioads are shown in the prevxous sechon
' 1 YA “Stablhly of Powerhouse and “thc DeSIgn Crlterla Repor{ March 1999”_

.  3_7_50 .



The following loads are considered for the structural design of the powerhouse.

® Dead Load

@ soil Pressur'e -

@ Ground water

pressure
@ Water Pressure

® DyamicWaer  :

.- Pressure -

 ® FloorLoad

3724

'Allowab:le Stres_s B

: - The dead load of concrete slabs and beams is
. consrdered n sersmrc condrlron, incrtia of dead
load is also consrdcred

: The sorl pressure is eonsrdered as pressure of backfill

under EL. 97.00 under normal condition and seismic

) condruon

. The pressure is assumed to exert on the outer walls

under E1..84.90.

K .The water pressure is consrdered to exert on the
sprllway srde walls below EL 92.08 and BL 98.00
under flood condrlron ', arrd PMF condrtron '
._respectwely '

'I'he water pressure in seismic condrtron is consrdered _

Uniform load of 1.0 t/;n? is considered for the design
Cof ﬂoors at El 97 5 arrd EL. 93, 00, For the assembly '
bay at EL. 97.50, wniform load of 50 Y m’
R consrdered ' ' A
: @ TraffrcLoad Umform load is assumcd as traffrc load on the ground
R tEl 97. 00 Itisalso assumed that soil pressufe due
;_'.to traffrc load would exert on the srde walls of the
R T powerhouse R
Gro‘u‘nd R.e.action- . _
o | : 1.7.1 “Stabrlrtv of Powerhouse is applred for the

Ground reactron calculated in the prevrous sectlon'

B desrgn of bottom s!abs

The allowable siresses are ta.bulated_ in th_e follorving table,

37810
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- The secuonal forces of structural mcmbers of thc powerhouse were calcuialcd as

follow

i_3.'.7.2.5. Sectional F_orces

aNe) ant stabs

| Thc outer walls and ﬂoors of thc powcrhousc werc dcsrgned mainly as ﬂat slabs.
' ’I'hc bendmg moment of the ﬂat slabs frxcd at Jor4 edgcs wcrc calculated by
| tablcs for bendmg moment calculatron, whrch are quotcd from “Standards for
-' :VPort and Harbor F acrhtrcs in Japan edited by The Japan Port and Harbor.
As_socr_ahon

- 'For dcsrgn of boltom slab C (BS 1) and outcr wall on ) the splllway srde (WS 1),
=computcr program MSCINAS'IRAN was cmployed

S 'analyscs are shown rn Flg 3. 7 6 and 3.7.7.

32

L Normal Flood Seismic | = PMF
Load Condition Condition | Condition | Condition | Condition
- Type | K-225
28 day P e
Compressive 225 kgffem?
, _ Strength
Concrete |  Allowable e
- | Compressive 75 kgffem? - 112.5 kgffem’
Stress - .
Allowable 8 kgf/cm® - 12 kgffem®
Shearing | - (without shear - (without shear
Siress - reinforcement) reinforcement)
_ _Matcrial o | © SD30 o
Reinforcin | Allowable ISP T
g | Tensile Stress | 1’800 kgifem . 2,700 keffem’
Bars Allowable . { - - . - FEETE B
" Compressive | 1,800 kgf/em’ © 2,700 kgffem®
- Stress -~ f - . 1 e

Calculatron sheets are shown m Flg 3.7. S

Thc rcsu](s of the



2) Slabwi(hbcams o

. The assembly bay at EL. 97. 50 was dcsngncd as a slab supportcd by beams.

The sectional forces were calcutated as foliows, G

It was assumed that threc beams support ﬂoor load of 3. 0 t/m? in the area as
shown in the below flgure

2 4 .
e 100 NEREEE

Co1300

LIS 3,528
-

9,00
3.5
P
s
rd
Uy
Section a-a

| I]II]]]]]] | :. Area suppor(ed by Beam a
“ [:__:':] " Area supported by Beam b
7 _ | o Area supported by Bcam c

ek _Ségliqn b;b o

© a) Bealm'al o

. o::;ss'vs 12625 O8S5

o P3 |
CALLEIN L,
CETTTE

—
1=3.00m

AR
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| "
Pl = 0.8x25 | |

P2 = (1.0+0.86875x2)x(2.5x 1.0+5.0)/ 1.0
P3 = (15-086875)x(25x L0+5.0)/10

I

2.0 tm?
20.5 t/m*
473 Y

it
1

Sectional Forces
Moment '-13.3 t-m _/] —13.3 t-m.

' o 7.84 t-m IR
~ Sharing Force - /——I 219t
| 219t I_t/ | R

PO = 25x25450 = 1125 ym®
Pl o= RA(Reacuonof Beam a) | C R 219 t/m’
S '—x(3525+0525)x15x(25x10+50) 228 Ym®
P = 5 x17375x086875x(25x10+50) 5.66 ym*

TREENTEY

ssum'




Sharing Force /H/I -70.21
w2t

) Load of Beam ¢ per 2 m width

s

|

ﬂmlpz |

Pl = 25x25+450 o
P2 = 0.86875 x (2.5 x 1.0 +5.0)/2.0 -

"

C1125¢m?
C326Um?

-

. " ) -
Moment . B S
-10.5 t-rn[j'—S A 10.5tm

. 5.38t-m

Sharmg Forcc B ) - . . 20.4 t ) Ve

| -.l—f?%%fff/- i

(3) Fra.l_rnc:s't%uctu're s | .. ' | ‘ .. | %9

' The draft pit (- 1) the ta:lrace (s 2) and ihe fool slab of the outer wall on Ihe .
: 'splliway snde (BS 2) wcre desxgned as frame structurcs Thc secuonal forces
of the draft pn and ta}lracc are deplcted in F;g 3 7 8 and 3.7, 9 | '

Looaass
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3.7.2.6. Arfangement of Reinforcing Bars

Bar arrangement and stress calculation of the reinforcing bars arc shown in Table
3.7.10. | '

o o :-:7‘. o 3-"-_56_ .;
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3.8 Dj:sjgnoﬁl‘;rilrag.eﬁtmctrmes |
381 Design of Tailrace
- (1) General
The tailrace is located in the spillway wing “}éu 'Thc layo‘nt cortfi.gnration and

duncnsrons are shown in FrgsB 1.4~3.1.6. A typical section of tarlracc is

schematlcally shown in Fig. 3. 8 1

ER | . .
Sl

g Y _EL97.000
‘c
B
e
'y ELB6200 - . C
) ey —/ | 3.000 S
&y
L& o] E, o |wELmse
R (A EL$2300 : '
_ ' . g ELS0000 {
- - - i
240 200 | 200

' Fig. 3.8‘_.1 ""1‘y‘p:icﬂa.l Section of Tailrace
o (2)Dosign,n1'éthod-,

' Concentratron stress generatcs around the open pomon in the ng wall due to
mtcrnal stress thercforc rcmforcement 1s rcqmred in case gcncratmg stress_ :
3 exceeds allowablc tensrle strength of concretc chmred amount of remforcernent -

s calculatcd usmg the followmg theory _ :
o In case that the umform compressrvc stress rs actmg m the y axis drrectton on an
mfmrte plate havmg a crrcutar holc as- ShOWn in I‘rg3 8.2, the strcss around,,--'_



circular hole is expressed as follows:

2 4

y y

' r?. ;o
- O (2 + . +_3 x‘)

- As shown in Fig.3.8.2, the tensile stress generates in the upper and lower pomons

2 ’ 4
ONX-BXiS: g x = d-vg [."_H._ 3.7 )

on Y-axis: ¢ y =

ORI

within distance of =+ f 3 I. _ gg
' The total tensile forcc around a circular hole is calculated approxnmatcly by
the following formula. I ‘
NN . :
T~ [0, dy=020s
Where, T : total tensﬂc forcc ' |
o :vertical slrcss
r radlus ofa cnrcular holc
The reQuired amount of rej_inforé_emént per 1m is éaléul_ated_ as follow:

~Where, T : total tensﬂc force (kgf/m) ; ,
g, allowablc tens:on stress of rcmforcement (kgf/{:m’)

A, :reqmrcd amount o_f rclnforcement (cmzlm)
R
. S PR

.'41 o 30 .

. Flg382 Stress Distribution of é_n‘I.nf‘i'r'jit_e_}_’llalc :_:_ o

ARTYTRN



(3) Calculation results

Calculation results are given in the followmg table and arrangement of

' rcmforccment is shown in Fig, 3.8.3.

a *reradius T As Anount of
(kgficm?) (cm) (kgf/m) (cm¥m) Reinforcement
1,150 _ D16@0.2 m clc
3.875 ~ 100 508 ‘ 4.306 l9¢@0.2mclc
. G (10.05cm¥m)
Notes:  Unit weight ofrcmforced concrete: . 2 Stf/m

- Allowablc !ensdc s!rength of rcmforcement (SD 30) 0 =1, ,300 kgﬁ(cmz
" EL 98.000 m.

: Top elcvauon of splllway wmg wall:
' " 'EL85.300 m

' Invctlelevauon of lallrace:' o

Foraty
vrar

030 . 016@200

. Di6@0

RN \ =1
< rS
| 2%
; Di6 i ) . D6 o
. : : S
DI6@200
S / ,

S of B

00 200 010 "

o l"lg 3.8.3 Réihfdréﬁment Afrangefﬁcnt (“)fﬂTypica} Section of Tailrace

; 3-8_-'3_‘_ o



3.8.2 Design of Tailrace Gate Tower
(1) General

The tailrace gate tower is located about 9.0m upstrearn of the exit of the tailrace. .
The dmmnsmns of the tallracc gate tower are shown in Figs.3.1. 4~3.1. 1. T ypical
scction of the tailrace gatc tower is shown in Flg 3. 8 4.

: ) D_esign parameters an_d simClﬁral model

: Unit weight of reinforced concrete 251w’ :

chght ofaslldc gate © .. . about10ton
Hormontal seismic coeffxcwnt (KQ o016

| :.Allm'ia‘hle Strénéihé of C.onc‘_r'e'_te .aﬁd-liiéiil_forcenne'ilt

" Mtem - | Nommal | Earthquake [~ Remarks
e T (kgfiem®) | (kgllem?) | :
Concrete Comptessive strength, Oy : - 225 o
(K-225 ctass) | (28™ day) - - ' : _ o
: - | Altowable bending -+ -} ¢ 75T - 1127 *1 oca = 0y /3
compressive stress . S T #2 gey =15 oca
o Allowable shearing siress 8 . 127 Tey=1.5Tca _ (3
Reinforcement | Allowable lensile stress : 1,800 2,700 4 osy =1.50sa ~

‘The structural model for the analy31s 1s madc for the pomon above EL 90 000 m
as shown i in l*lg 385 ' '

3) Ixiad éonditions _

I*ollowmg loads are consxdcred as shown in hg 38, 5.

Normal cond:tlon '_ s
(1) Dead load , - s
(u) Hmslmgload ofa shde gate AT

SC]SIﬂlCCOHdl(lO]’Ii SRR S T S
(i) Deadload S gy e T e T e é)
(n) Ho:s!mgloadofas]]degate S o
(i) Scxsmu: force '
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(4) Calculation rcSults

* The sectional forces are shown in Fig.3.8.6. The rci_nforcemeht arrangement

is shown in the following tables and Fig. 3.8.7.

Mem. | Sec. Load Moment | MNormal | Shear - Amountof . - Stress of Steel and
E case + #1{ Foree®2 | Force |~ Reinforcement Concrete (kgffem?) -
RN s {if-m) 4 (0 | Outerside | Innecrside | Concrete | Steel | Shear

To Side Normal ) -0.83 425 | bi@03m | - |

| S || s | 082 oogsam| S e8| a0

| Brese | aq | 143 [ 485 et | g f o [ 10

Ceater | Normal 083 2050 | T Di6E03m | - ' -

: . R 2.03 Lo . B o A ]9[)@.:0.2]1] : 15 : 969 0.1

Fathquake | 903 | 083 f L0 [ e @I s g0 | 02

Side | Upper 1 . Normmal ' -4.25 0.83 | DI6@0.31n T 2
o S I et S " |pgozm | L |12 | 3%} 03
E«_a_nhquake 2.44 -4.85 B ‘1_._1%3 (G.QH_CJn’_fm? . 16 780 05

Botlom | Normal 0.76 169 | 034 - 1 DI6@03m

L | . ot lwpgezm| 3 |0 |93
Ea.rlhqua_ke 296 _ ‘8.29 17.98. o “.mm,%? 10 | 24 0 Q.S
Note:  *1:+lensionininside - :tension in oulside

*2: + tension - : compression

3.50
0.50 250 0.50
P .7..
~ | : BL97.00 _
i NS A :
B b merm b pm— B b — b ow— & Ln ; .
-+ | SR, A . ) -
! L rAK, . i : - -
i |
Il S L o
I | e €
il o L vmese '

Fig. 3.8.5 Structural Model

L 386



(UOTIPUOD [CWION)IIIOT [BBoNNS  (2/2) 9°8°E31g

uoy c.._.r_ul]a uo;
i 1 VO 5 b4l :
wr o [ ONQ .O.._ JLISOJdNQD I
Ivos IDYOL TVWUON
[ rROL
N - yowpe AR
voy o I AR
w0l 0 - V'ON QVQd SLISQdNOD
el - 3DUOL TVIKYON
LR L rve
\
L LT o
roR'Y: ._...xo. .

LT POy

AN
bl

o
[rem———

9
g 0

JIvos

RO

-T'ON QVOd SLISOdN0D

TI2UCL UVIHS

rERTD

(uoTIPU0d [EWION)III0 [TUONIS  (T/T) 9°8°E"
-7 10N Gv0s 3LIS04W0D

- SO¥O0d ¥VIHS

PERU

T
TUR'O

E_

avos

UV'ON GVO JLISOdNGD

LNIWOW ONINGZT

Friiie

OFFTe

MUN

UFrge

Tuloeg Ul

WEL'U X542

w _ z,,_.“___ﬂ.

4 Tvee

. T'ON GVOJ BLISOINID

LNIWOW ONINI3ZE -

T

R

387



3.50
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3.8.3 Design of Air Shaft
(1) General

The air shaft is tocated in the downstream srde of powerhouse and its structure is
connected to the sprllway wing wall. Construction joint is provided between
powerhouse structlure and air shafl structure. The dimensions of the a|r shaft are

- shown in I*rgs3 1.4~3.1.6. The lypical section of the alr shaft is shown in
Fig.3.8.8.

(2) Design parameter and structural model ... . =
The cal_culated par.ameters and._formuias are giuert as follows:

Unit wetght

Umtwelght of remforced concrete 251w
Unit welght of embankment (saturated) - 1.9tf/m’
B Unrtwerght of embankment (in water) _[t.‘éttt’/m3 I
S Water T fi(mfrmi
2 S I:arth pressurecoefftclent T

Coefftcrent of earth pressure under normal condrtron - 0.335 _ .
Coef[rcrent of earth pressure under sersmlc condltron 0.444
" Embankment and ground water levels L o
Embankment surface level EL 97 t) m _
Ground water level L EL 84 798 m (assumed value for100 year rcturn -
‘ ' o - period ﬂood)
- '___A]lowable strength of concrete and remforcement L
See Chapter3 82 : o -

L Earth pressure _ o _ .
Earth pressure actlng on gate shaft structure ts consrdered as fo]iows

- The acttve earth pressure (Pa) is orven as follows
' “Pa =__K‘, 'T'h+Ka-q :. C
.".K'..=- ' o cos (¢ 9)

| sin (6 +6) sin( $ - @)
. | cos ? 9 COS(Q*'S)[ J 3(6-}_6)__605(9 a) |

t "3-879:. o



Where, K, : coefficient of active carth pressure
7 :unit weight of soil (L.9tf/m®)
h  : earth depth to acting point of earth pressure
¢ :internal friction angle (=35° )
6 angle between wall backside surface and vertical plane
@ :angle between ground surface and horizontal plane *
o friction angle of soil to concrete ( 6 =2/3 o)y
q :surcharge in normal condition (1.0tfm? = ' -

- Under earthquake conditions V
The active horizontal earth pressure (Pae) is grven as follow. s,

Pae—K ‘r h+K

cos’(¢-6,-6)

srr(¢+6) sin@-a- 90) S
_s(3+9 +6)cos@9 a) 8 :

K =

af

" cod 8, -cos’ 8-cos@+ 8, +(_5)'{l

Where K,.: coefﬁcrent of ac{rve earth pressure under car!hquake condruons 7'

g, angie between wall baeksrde surface and vertrcal plane

: sersmlc coefﬁcmnt m vertrcal drrccuon (—0 0)
: seismic coeffrcrent in horlzontal direction (=0. 16)

R 7 F

:‘angle belween ground surface and horizontal plane :

£

':surcharge under earthquake condmon o
The structural model for anélysie is shown in'Fig. 389 S
(3) Load corrdilionS:, -
Followmg loads are cousrdcred as shown m Frg 3 8 9
- Normal condr!ron _ ' o
(i) Dead Load o
(i) EarthPressure
Earthquake condition '.

(i) DeadLoad .
(ii) Earth Pressurc -




(iu) Seismic FO[CC-
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Pae$3.38lf;'m’
(Pa=2.88tt/m?)

Fig. 3.8.9 Structural Model and Load Conditions of Air Shaft
(4)  Calculation results

- The sectlonal forces under normal and seismic condmons are shown in Flgs
3.8.10. The remforccment arrangement is glven in the followmg table and

Figdsal. T AT SR

Mem. | Sec. Load Moment | Normal Shear L Amountof Stress of Steel and Concrete
Case - %1 | Foice*2 Fﬂf‘:¢ . Reinforcement | - (kgfem?)
; S (t€-m) (L - (lf) Quterside | Innerside | Concrete | Steel Shear
@ Side | Normal : 1.53 -1 318 [ Dis@03Im IR
| Sefsmic | gag | 184 | 392 Jameden |- 10 | 550 | 09
Center | MNormal | - 1.53 0.29 - | DI6@0.3 m y
omel | 069 | 153 |- | peoem| - 3 230 | 01
_ Seismic | .86 184 | 034 | o | @22mbm) 6 300 | o1
Q| ® Normal Cp 3180 153 |ows@o3m| o - ] 50 |
& _Pr S| red 7 lwogozm| v 7 201 03
M || Seismic | a0 | 392 | 184 | @aetey | - 9 300 | 04
sidej Botio Normal ' ;318 ] 153 R | pid@eam | - L. - _
7 m oma’ 70_31:.. R Rt | epgozm | s 150 03 2 -
' o Seismic | 4 oo 4.17 184 | oo | ey | s | 90 | o3 S %
Noies: - 4 lensio-n in inside - tensmn in oulsnie

’2 + lension - : compressnon '
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384 DeSign of Tailrace Gate
(1) General

A steel slide gate is selected as the tailrace gate because gate size and hydrostatic
 pressure are small. The typical section of tailrace gate is shown in Fig.3.1.7.

(2) Design Conditions

The design paramétcrs for tailrace gate are given as follows.

: Dcsum Conchtions e - Remarks
Type - | * Steel slide gate - ' B
Clear span - 2.000 m
Clear height . | 2.000m - ¢
Gate size - W2.150mH2. 075 m ‘
Design head - |- 2.498 m (100 year relurn | See Fig.3.8.12
. | period flood) - : S
| sa0meme
Hoisting 1. Manual operation_

Allowable Stresses for Struclural Steel (SS400)

Item . 100 * year = retum| - PMF - .| .. Rematks B
~ . | period flood R I
Tensile stress ° | 1,350kgfem’ 2,025kgf/cm? *1 - | *1 gsy == 1.5 osa
Shearing stress | 800kgffem® =~ - | 1,200kgffcm®*2 | *2Tsy=1.5T sa
Dgﬂeql;pp ' 1 /_800 .
. : L .v "
D T E
‘rv i m}n | . ‘ﬁdq.nn’r-m“u Vv F1.52300

- (D Under 1{)0 vear relum oenod POt ) Under P\/IF
F‘lg ’% 8. 12 Dequgn Head fm Tallracc Gale 7

B X SER



.(3) Calculation of main girder -

Reaction forces of auxiliary girders by hydraulic pressure are calculated as
follows '

(Pl + 2P:)I
6
(2191 + Pz)"l

@p, +p ),
-n‘ (o +2p,),
,.7-.' 6 : : .

o (P:*Psxla"'lc)_
C s ™ " Gy

gy o=

Qg

GQaw =

(p3+2p,)(1 +t)
. .6l

E .q st =
Where, 1 span of auxnllary glrders i _
o P hydraullc pressure at lhe center pomt of main glrders ; _

" q: reaction of auxlhary glrders ) ' SR

C(secFig3813) . @

Loads of .ea;ch mé_in girdérs_ are:
QI= Qo S

%= Qut Gy

| : Q§=Q2L+q:3u

| '_“‘h Q:u.: :

Bcndmg moment and sheanng force are caiculaled by the followmg founulac: |

M =;———(‘2L B)

Toman

) th?é, R L span of mam glrder
o B w;dlh of prcssurc o
q .Vhydrapl_lc pressure

B ST



Bending stress and shearing stress are calculated by the following formulae:

Where, 7 :section modulus
A, :areaof webplate

Deflection of m?in girder is calculated by the followiﬁg fdnﬁula_ E

o 45(;],:31?1.(1'.3_— %-232 +%i) -
:W'hcrc,ir - 'L : span of mam glrders
e B: . width of pressurc
q hydrauhc pressurc - -
CE: clasllcny modulus of stcel

I: moment of mema

Calculation sheets of main girders are given below:

Pl : dll-l (D dl | :
'-i——> [ ] rﬁle— ’_—’:‘-'.

aw || @ @ o
Qo

Hy&rau!i_c Pressure .

)|
&4
A

!

P’ . @ a, K
G3u

' Main Gieder

B T Auxiliey Gider

' Fig.3813 Design Loads of Main Girdors
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Qalcgmagnﬂcﬁultspﬂ}!ﬁlﬂcdeummaxgmemmmﬂgdﬂmd

Span of main girders and hydrostatic pressure

Py 0.423 ym?
1, 0.685 m i 1.108 t/m?
N 0.670 m m 1.718 ym?
i 0.680 m Pa 2.458 t/m?
| 0.040 m Ps 2.498 y/m?
Loads for cach main girder _
e | 022um | q | qu 0223 Ym
g:; 322:3 :ﬁi q: Gt Gy 0.747 /m
= I e T
[ G “0.861 t/m ", gy - - 0.861 t/m
~ Bending stress, Shear steess and Deflection 1 ' i
Mcmber (Cf:“) (Cﬁ.f) A(‘:::‘?) ?‘1;3 S(tT)‘ (kggfctm’) (k;fl;::?:’) (i;?:i U '“‘IL,'
- No.l 864 115 3.45] - 0.128 0.223 112 26| 0.0140] 16322
No.2 - 864 115 845] - 0430{ 0747 - ¥4l 88] - 0.1139; 171887
No.3 864 115} - 845 0.6%0; - . 1,199} . 600 142 - 0.1829] 1/ 1176
| - Nod 864 115 845 - . 0495 0861 . 430) - 102y 0.1312] 171639
_- Q&QQIQH@_QS_LIﬁMf_M&QQLdQM | ) o
Span of main guders and hydroslallc pressurc ‘
' P 3.415 Uml
- 0.685 m P, . 4,100 Ym?*
R C0.670m P 4770 Ym®
i, 0.680 m T ps 5.450
4 ©0.040 m s 5.490 ym®
o Loads for each main girder - S S o
Qo 1.248 t/m q -  Quu " 1.248 t/m
o fwe | e
o o] % | wrew | saum
Qs 2.001 ¢/in q, - Q) 2001 t/m
Bending stress, Shear stress . .. - S
Member | 1. | 2 | Aweb | M. Smi".ﬁ “ot | tmax
. {cm) | {cm?) {cmz) < {t-m} (0 - |(kgtiem?) | (kglfem?)
- No.l - 864] - 115] - 845] - 0718 1.248] . 624 - 148
No.2 864 115 3.45 1.595 N 1,387 328
© No.3 - - 864 115] - 845 1.849 3.216) - 1,608 381
No.4 864] -+ 115]° 845 ¢ LIsH - 2.001) .- 1,001 237
- Member A(em?) [Aweb(cmd)| I (em?) Z (cm’)
[ 150X75X6.5X10 23.710 © 8.45] - 864 - 115



(4) Calculation of auxiliary girder and side girder
Bending moment and shearing force are calculated by the following formulae:

ym_ =%fi(3t‘ --:m’) | (I > m)

S mac o ML( l - P_"') |
o 2 2
Where, 1:span of auki.li.arsr girdc.rs |
m: pnch of auxnhary glrders

p: hydrauhc pressurc o
- (sec F]g 3.8.14 and 3.8. 15)

‘Bending stress and she?ring stress are t_:aiculatcd by the following formulae:

O'f-f miat

Ay . Z V
rmt = Smu.
- . Amb . - . : .
" Where, 7 secuon modulus
€3 e L 18 .,E;clasllcllymodulusofstccl

1: momenl of 1nerha

" Calculation sheets of auxiliary girders are given below;

; @
S = ' Hydraulié Pleésurer . ‘
s o _ %) =
- Avxiliary Girder / N\ Msin Girder

' Fig.38.14 Design Loads of Auxiliary Girders
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Caleulation Results of Auxiliary Girder under 100 year return period flood

Span-of main girders and hydrostatic pressure

3ol -

foe 3821

_ P 0423 Vm?
1, . 0.685 m P 1.108 ym’
I, 0.670 m P 1.778 ym?
1, 0.680 m Dy 2.458 tm?
(" 0.040 m Ps 2.498 ¢/m?
Loads for each auxiliary girder
P 0.766 t/m
ph 1.443 t/m
" P4 2.118 /m
Bending stress, Shear stress . o .
Member ’ R M S "ot T max
: : (m) _(m) _(1f-m) (“) (keffem®) | (kgffem?)
DM~@ |PL150X6 - 0.500f -~ 0.685| - 0.018] - 0.083 32 .9
mm | @~@ |PL150X6 - 0500 - 0.6701 ©  0033] - 0.152 147 17
@~@ [PL 150X6 - 0.500]  0.680{  0.050( - 0.228 223 25
O~@ [[ 150X75X6.5X10 0.500] - 0.685 0.018] - 0.083 16 10
m,my | @~@ _|{150X75X6.5X10 | ~ 0.500[ = 0.670 0.033} 0.152 29 18
@~@ [150)(‘75)(6.5}(10 '0.500_ S 0.680) - 0.050] 0228 44 21
B @@@@L@m_w@mumﬂp P o
Span of main gnrders and hydroslauc pressure ER
L L M © 3415 Um‘ )
S 0._685'rn N 4,100 ¢m?
1, 0.670 m Py 4.770 ty/m?
R 0.680 m Cpy - - 5.450 ¢ym?
1, 0.040 m ps 5490 tfm?
Loads for each auxiliary gitdér ' ’
~pY 3.758 t/m |
cph | 4.435¢m
Cph o] 25110 m
Bendmg stress, Shear stress . :
Membcr : ' m b M S gt | cmax
TR N . (m) o {m) (lf m) | (D) | (kgffem?) (kgf!cm’)
o ©O~@_[PL 150X6 . 0.500]  0.685| - 0.091] 0409 . . 403 45
mm, | @~@ |PL150X6 - . 0.500 0.670{ - 0.101| = 0.466] 450 52
@~@. [PL1SOX6 - 0.500]  0.680] .0.121 - 0.549] - 538 .61
c | O~@ |[150X75X6.5X10 | : 0.500] . © 0.685| = 0.091] 0409 19 48
mm, | @~@ [[150X75%6.5X10-[ = 0.500[ - 0.670] - 0.101]  0.466] . . : 88
B | @~@ |[150X75X6.5X10° | .0.500] . 0.680] 0121 0549 . 105 65
Member | A(cm’) Aweb (cm?)| 1(cm®) Zew) | . -
LMy Ay PL 150X6 : - 9.000[ - 9.000; . 16875 - . 22.5] -
oy my [ 150X75X6.5X10 - 23,710 8.450 864 “ 115




(5) Calculation of skin plate

The bending stress generated in a ﬂat plate by hydraullc prcssure shali be
calculated by the followmg formula: “
1
_EO_ q?- E;_J”_)
Whete, a : short side of a rectangle
| b : long side of a rectangle
p : hydraulic pressure |
t: plate thickness
k factorm table below ,
L _E : corrosion allowance (ulmm)
'0 bcndmgstrcss (see hg 3 8. 16) i

Valueofk L EEE Tosa. o

bfa a, G, G, - G, . AT ' "
103090 - 1370 1376 - 3090 @ |
13 4030 1880 1350 33s0l o | N A
15 4ss0 2210 w20 3430l |t Ly ool
18 4840 2390 1080 | 3430 S T G A B
20 4990 2470 950 3430 |, S

25 5000 2500 - 800 _ 3430

30 5000 2500 750+ 3430
© 5000 2500 750 3430, PR R

Minimum thickness of skin plate is 6 mm. - Flg 3.8.16  Siress of Skin Plaieé -
Calculation results are gwen beIow and R
'_ shown in Flg 3 8 17. L

- Ma@_éfial list of tailraqé galb is as shown below :

Items . | - Dimension - i | Remarks
Main girder = . | [150x75x6.5x10 [ i
Auxiliary | Side = | [150%x75%6.5x10
girder . | Center - | Plate150x6 -
Skinplate - 0 | t=6mm .

Ci3sm



0

Q&Jﬁdﬁﬂ@ﬁﬁ&lﬁiﬂﬁﬁ&lﬁﬁﬂjﬁﬂlﬂaﬁwﬂm&ﬂﬁm

Span of main girders and hydrostatic pressure

0.6] -

odl

. Lpéali

0.6f .

3823

B 0.423 ym®
-, 0.685 m P, 1.108 ym?
A 0.670 m P 1.778 ym?
I 0.680 m Ps 2.458 ym?
1, 0.040 m Ps 2.498 ym?
Loads for each auxiliary girder
P 0.766 t/m
P 1.443 t/m
P 2.118 t/m
Stress P _ _
o . a b b/a K g t ot ty
Fn | Member | e | ot et Factor | |00E nicknese] Stess {1t
T R . em Soem kgffem’® cm| keffem?
] O~@ 522500 57.500 1.004] - 3L1 0077 0.5 312] 06
Center| @~@ | - 52.500] . 59.500 1.035] .~ 322 0144 .05 61s| 0.6
} @~®@ 56.750] . 57.500f 1013 7 314] 0212 | 05 857 0.6
- O~@ - 50.000] . 57250 - 1145 - 36.4] - 0.077 0.5 278
Side | @~@ 50.000] - 59.500 1,190 380 0.144 0.5 5490 0.6
' ®~@ 50.000 56.’)50 113 36.0f 0212 0.5 762
o : L o . ¢ : allowance (=lmm) .
GMMM
' Span of main gudcrs and hydrostatlc pressure R
Y j - P 3;415 t,rnn2
L 0.685 m | op s 4,100 Ym?
e :0670m Py © 4770 ym?
Sy - 0.680 m Py 5450 tm? |
I, - 0.040m ps 5.490 Um®
Loads for each skinplate ©~ =~ '
C Py 3.758 t/m
ph | 4.435¢m
Pl 1 5.110 t/m
 Stress o - R
R I coa b " bfa k p ot ot | &
on | Member | o et | of s e Factor | 10 oo lickness| S1ESS_ [t
o e e rem] e eml ] kegffem? cm| kgfiem®
O~@ - 57250 . 57.500 1004 311 0376 0.5 - 1530 - 06
Center| @~@ | - ©57.500| "~ 59.500{ - 1.035] - 322| 0444 | " 05 1889] 0.6
| e~e 56750 - s7.s00] - Low3| - 314 osi | - 05 2067 06
I OB 50000 . - 57.250] 1145 364] 0376 | - 05 1366 . 0.6
Side | @~@ 50.000[ . 59.500] ° 1.190 38.0] 0444 0.5 1687
| eo~® 50000 s6.750] - 1.135 36.0] 0511 05| . 1838) - 06

¢ : allowance (=1mm) -
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