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{4)ENMWEDLEN  { RISULT OF STRESS ANALYSIS ),
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U AXIAL LOAD }
< 1 M GFL-R.FL>

B 24,00-« 24,00
1 1 .
1 |
1 I
A 14,31-= 1431
1 2
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4.2 R¥Rii
CXERRASY CYHEMBN%)
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1 2
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DESIGN OF GIRDER

(1) CONDITION OF CALCULATION

« QD : X DIRECTION QD=QL+n-QE n=1.5%
Y DIRECTION QD=QL+n-QE n=1.5%

{2) MATERIAL

(3)

{ CONCRETE)
Fc : DESIGN STANDARD STRENGTH OF CONCRETE

Lfe ¢ ALLOWABLE COMPRESSION STRESS AT
PERMANENT CONDITION
{ TRANSIENT CONDITION : Lfc*2.0)

Lfs : ALLOWABLE SHEAR STRESS AT
PERMANENT CONDITION
{ TRANSIENT CONDITION : Lfs*1.5)

(REINFORCING BAR)

rft : ALLOWABLE TENSILE STRESS

wft : ALLOWABLE TENSILE STRESS FOR STIRRUP

EXPLANATION OF MARK

POINT : DESIGN POINT OF MEMBER

A :  ADOPTION PQINT OF STRESS

B*D :  WIDTH,DEPTH OF GIRDER

dt :  DISTANCE BETWEEN TENSILE RE-BAR
AND TENSION END

ML . BENDING MOMENT AT VERTICAL FORCE
{NODAL POINT) o

ME :  BENDING MOMENT AT HORIZONTAL FORCE
(NODAL POINT) -

ML~ : DESIGN BENDING MOMENT AT
PERMANENT CONDITION

MS : DESIGN BENDING MOMENT AT
TRANSIENT CONDITION

QL : SHEAR FORCE AT VERTICAL FORCE

QE .  SHEAR FORCE AT HORIZONTAL FORCE

Qo : SHEAR FORCE OF PERMANENT LOAD AT
SIMPLE SUPPORT

Pt :  TENSILE RE-BAR RETIO ;at/B#*(D-dt)

at : SECTION AREA OF TENSILE RE-BAR

Mu :  YIELD -BENDING MOMENT

QD : DESIGN SHEAR FORCE

fs*B*j : PERMANENT CONDITION

« : 4/ (M/(Q*(D~-dt))+1)

Pw . STIRRUP RATIO =aw/(B*x)

aw : SECTION AREA OF A SET OF STIRRUP
x : PITCH OF STIRRUP

(kg)cmz)

_(kg/cmg)

(kg/cm2)

(kg/cm2)
(kg/cm?)

(cﬁ}
(em)
(cm)

(em)
(tm)
(tm)
(tm)
(tm)

(it)
(t)
(t)

(%)
{cme)
(tm)
(t)

(t)

(%)
(cn®)

(cm)

)

L
i

.

e
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QD : X DIRECTION QD=QLsn-QE n=1.5%
Y DIRECTION QD=QL+n-QE n=1.5
(2) MATERIAL
(CONCRETE) o
Fc DESIGN STANDARD STRENGTH OF CONCRETE
‘Lfe ALLOWABLE COMPRESSION STRESS AT
PERMANENT CONDITION
(TRANSIENT CONDITION : Lfc*2.0)
Lfs ALLOWABLE SHEAR STRESS AT

(3

DESIGN OF COLUMN
{1) CONDITION OF CALCULATION

PERMANENT CONDITION

* (TRANSIENT CONDITION : Lfs*1.5)

( REINFORCING BAR)

rft
wit

ALLOWABLE TENSILE STRESS
ALLOWABLE TENSILE STRESS FOR HOOP

EXPLANATION OF MARK

POINT
FAY
Dx,Dy
dt

Fie

NL
NE
ML

NS
MS

QL

QE
Qo

Pt
at
Mu

NMy -

"
oD
Qa

Pw

DESIGN POINT OF MEMBER
ADOPTION POINT OF STRESS
DEPTH OF COLUMN

DISTANCE BETWEEN TENSILE RE-BAR
AND TENSION END

ADITIONAL COEFFICIENT OF FORCE
FOR LONG COLUMN

AXIAL- FORCE AT VERTICAL FORCE
AXIAL FORCE AT HORIZONTAL FORCE

BENDING MOMENT AT VERTICAL FORCE
(NODAL POINT)

BENDING MOMENT AT HORIZONTAL FORCE
{NODAL POINT)

DESIGN BENDING MOMENT AT
PERMANENT CONDITION

AXIAL LOAD AT TRANSIENT

.

: . DESIGN BENDING MOMENT AT

TRANSIENT CONDITION
SHEAR FORCE AT VERTICAL FORCE
'SHEAR FORC” AT HORIZONTAL FORCE

“ SHEAR FORLE OF PERMANENT LOAD AT

SIMPLE SUPPORT,

TENSILE RE- BAR RA;ID )
=at/(dx,y* ay,x)

SECTION AREA OF TENSILE RE-BAR
YIELD BENDING MOMENT
,TOTAL Mu OF GIRDER USE FOR

.. CALCULATION QD OF COLUMN

'4/(M/(0*(Dx y- dt))*l)
'DESIGN SHEAR FORCd

:" "ALLOWABLE SHEAR FORCE AT

' PERMANENT CONDITION

HOOP RATIO zaw/(Dx. v‘x)
aw : SECTION AREA OF A SET OF HOOP
x @ PITCH OF HOOP

{xg/em?)
{kg/em?)

{kg/cm?2)

(kg/em2)
{kg/em2)

(em)
{em)
(cm)
(cm)

(t)
{(t)
{tm)

{tm}
{tm)
(t)
{tm}

()
()
{t)

(%)

(m€)
{tm)
(tm)

(t)
(t)
(%)
(cm2)

{cm)
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§1 GENERAL (— B ¥ 1)
1.1 OUTLINE OF BUILDING {RB0#E)
1) Name of building

‘SUBSTATION

2) Building dimensions
(1) Building area
(2) Tofal floor area
Ground floor area
First floor area
(3) Maximum building height
(4) Building volume storey

(5) Number of story

3) Weight of building
Superstructure
Substfuctubé

Total weight

4) General design'conception

700.0 m2
1064.0 m°

700.0 m2

15.45 m
9118.2 _m3

2

1046.56 t
3136.52 t
4183.08 ©

Design calculation to be analyzed as rigid

frame with taken design rigidity of foundation

girder into c¢onsidenation.

Stress analysis to be used by Electric computer

with stiffness matrix method.




1.2 APPLICABLE CODES AND STANDARDS OERIRBHE)
1) For design allowable stress of structural maferiais
Steel structure
AIJ : '"Design standard for steel structures®

Reinforced concrete structure

AIJ : “Standards for calculation of reinforced
concrete structures"

Foundation

ATIJ : "Standards for structural design of building
foundation"

* AIJ : Architectural Institute of Japan
1.3 STRUCTURAL MATERIALS TO BE USED AND ALLOWABLE UNIT STRESS
4 a-‘ S .
1) Qualities of materials (Rt ﬁgmﬂ)-

Concrete ; Comperessive strength of 28 days
Fc'= 210 kg/cm?

Reinforcement -; Deformed reinforcement
ASTM AG61l5 Grade 40
fy = 2,812 kg/cm@

Structural steel ; JIS5 G3101 SS41 Grade or equivalent
fy = 2,400 kg/cm?

Fastener bolts for structural steel
JIS B1186 or F10T

Anchor bolts ; JIS (G3101 $8541 Grade or equivalent
fy = 2,400 kg/cm?

2) Physical constants for structural materials
 Modulus of elasticity
Structural steel 2,100 t/cm2
Concrete 210 t/cm?

Reinforcement ' 2,100 t/cm?

O

—~—
; “
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3} ALLOWABLE UNIT STRESS

i) Allowable Unit Stress of Concrete (kg/cm2)

stresses Permanent Stresses Temporary Stresses
' : (fonprwess Shear  Bond . Compress | shear{ Bond
Materials ) ' A B i C '
Normal [Plain bar|{ §.4/12.6| 8.4 | Permanent | Permanent
corcrete {Defonmed 70 7.0 Stresses} Stresses |
Fo-210 | bar : 14.21.004.01 "% 0 X 1.5

o,
i

*  Remarks

Anchors and lap splices

Top bar of flexural members

Bar, except "Item A", of flexural members

ii) Allowable Unit Stress of Reinforcing Bars (kg/cm@)

Stresses Permanent Stresses Temporary Stresses
_ Tension Shear . Tension shear _
Materials Compression |Reinforcement| Compression | Reinforcement]
Deformed bar 1,870 1,870 2,812 2,812
ASTM A615 .
Grade 40




iii)

Allowable Unit Stress of Steel (:t /cm?)

For General Structures |For Welded Structures
Type of Steel : '
§5-41 sM 41
Thickness net -more than B
' o 2.4 2.4
40 mm t £ 40 mm
Thickness more than
: : 2.2 2.2
40 mm t > 40 mm

iv )} Allowable Strength per Medium Bolts

Medium Bolts

(Unfinished Bolts)

(Bearing Type).

: . - B _

| 'EBblt Dia. of Bolt - Pexrmanent Strength ;
,2§ii:;l Materials[Nominal Bolt Hole ; Gross: Shear (f? ' Tgmporary

i Dia. ' Area [Single |Double | Tension Strength |

i (oun) (cm2) | Shear Shear fe)y ey 1

I ss41 M12 12.5 1.13 | 1.02 | 2.03 1.36 o

‘ Mi6 16.5 i2.00 | 1.8 | 362 2.41

; M20 20.5 3,14 | 2.83 | 5.65 3.77 | Permanent

i .

! M22 22.5 3.80 | 3.42 | 6.84 a.56 | Strength

; M24 24.5 | 4.52 | 4.07 | 8.14 5.42 x 1.5

»
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v) Allowable Strength per High Strength Bolt (Friction Type)

. High strength Bolts

(2)

Overhead or verfical

_ _ Bolt Dia. of Bolt Bolt Fermanent Strength
| Apli-iMaterials | Nominal | Bolt Hole |Effective |allowable Shear (L) Temporary
Jcaticn Dia. Bxea _ gz:;ie Single | Double | Tension Strength
{rmn) {an?) Friction|Frictionf (t) {t)
JFloT | M 16 17.% 1.52 10.3 3.02 6.03 6.23
M 20 21.5 2.38 16.1 4.71 9.42 9.73
M 22 23.5 2.95 20.0 5.70 j11.40 11.80 |Permanent
M 24 25.5 3.42 23.1 6.78 }13.60 14.00 |Strength
) x 1.5
F11T { M 16 17.5 ~1.52 10.9 3.22 6.43 6.63
M 20 21.5 2.38 17.0 5.02 [10.00 10.40
M 22 23.5 2.95 21.1 6.08 [12.20 12.50
M 24 25.5 3.42 24.4 7.23 |14.50 14.90
vi) Allowable Unit Stresses in Welded Joints (t/cm2)
Appli- | Stresses Weldin Permanent Stresses Temporaxry
cation | Positions ___Croove Weld Fillet| Stresses
Materials Tension-{Compress| Bending| Shear {Weld
85 41 (1) 1.60. 1.60 1.60 G.92 0.82 | Permanent
t 8
sM 41 (2) 1.44 1.4¢ | 1.44 | 0.83 0.g3 | Stresses
® 1.5
{1} Flat or horizontal




1.4 LOAD COMBINATION (SRHHE)

1) Load combination for steel and concrete structure

Long term loading

i) D.L+L.L+M.L+C.L

Short term loading

1)  D.L+L.L4M.L+C.D+W.L

ii) D.L+L.L+M.L+C.D+S.L

where;
D.L 3 Dead load
L.L ; Live load and over burden load
M.L :  Machine load
c.L ; Crane operation load
.C.D.L ;i Crane dead load
V.L ; Wind load
8.1 ;  Seismic load

Lo
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(RETHE)
DEAD LOAD ( 1)
ME R
ROOM NAM_E“; . : _FIGURE MATERIALS WEIGET | TCTEL
DF. LOCATION {mm) {THICKNZSS~mm) (kg/n2) {kg/m2)
' j CONCRETE. BLOCK | (30); ' .60
—— : .0 [SAD. . e 300 60
e 0o [ANSULATION ... (40) ... S.... |
ROOF i ' \ Foog IASPHALT e | ‘
| m 20 | W/PROOFING {203 s
| SG- | CONCRETE SLAB. | (120) 312 "
' DECK PLATE. . . ... TR S0
CEILING ... 15
i 497 {—500
o - |EREE ACCESS.....o.ov oo i 4407
FLOOR ; : . CONCRETE SLAB . (130)j 336
Z/ % | 130 | DEGK FLATE TS
: O e, ]
................................... fo.... 481 {— 495
................................... oo,
l._ i
S ' i&b'sﬁéi’cﬁib&éiiﬁélﬁﬁ_—ijﬁﬁﬁﬁﬁﬁﬁil%ﬁﬁﬁﬁ'fllﬁﬁiﬁﬁlﬁ
. Z _Z 7 7 .___@_g FINISHING.......—... (80);.....160Q. .
BATTERY ROOM 7 / o] ASPHALT. oo
REST ROOM A Ty | WEROEING. (200,30 .
: : - — .CONCRETE. SLAB. ... (130)].....336. .
'. K DECK PLATE. ... )i 15
T ST 55
s ‘CONCRETE ... " (400} . $60.
S S/ e CoNRETE SLAE (7000 1680 |
0 O Y R 2 P S P
FLOOR _ 100 berereemrenreeeee e 2640 2640
...................................  FOUUUT
i
! ..................................................
R R | OSSO VRO
STAIR | STEEL STRUCTURE e e {200 =100
o e e Lo
! ................................... oo i
! ................................... | P
R [
] | ! i
oo, feeeererereen,
e e
- et b,
oy U .
SO E SO SSOTRY
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DEAD LOAD {
(B 5 &= & )

2)

=8 OF

ROCM NAME |

 WEIGRT | TOTAL

"~ MATERIALS

DR LOCATION (TEISKNESS-mm)  (kq/m2) - (kgsm2 )

................................... |...............i
. PRECAST. .CONCRETE. ..ol .ooive ;
..... vl S12QN... 288,
MORTAR. .o SUUERS \
WALL (1) | L, EXT... ool (2821.....50......0
............. INT..........(28)....50... i

N {iﬂﬁﬁiIﬁiZIIIIIIZZiIZIZIh.“.aaa ...... ,— 390
! H -
TP | U i
i |, VINYL. COATED. METAL....)......1Q.....]
: SGIRTS i, oo
WALL (2) BT e Jor AQL
GYESUM BOAD.............. [ BB
................................... |

................................... 1.8 ...~ 55
qui, ................................... v i
................................... R
................................. ;J“"n""““n
OSSOSO SO
Lot veemeveeemreernesneeeneren e i
[ _VINYL COATED METAL  ]....10 |
' = | GIRTS . i A5
PARAPET{(1) |.§IUD“_”.“."_“.“".“”..“";lﬁ ..... i
................................... A
ll===== ”_h"“““““__”““""_.HHHEQ ..... i

- x1.2= 84 :— 85
I [ T TP P TP PP PR PP PPPEP PR PR PRRTY Prin S r e e i
| I : - P44
.................................................. i
——— ..P.IQCAS.T..CQN.R‘.".T?..._.‘. i i
............... oo (32005300
PARAPET(2) _STEEL STRUCTURE, . .. TR S S
1200 i FINISHING ... e A
L TETTSUT TSRS SO e
= b 345

I T '?i.l_..-?...‘ilﬂ..""'415
! i :
.................................... e}
................................... IR
................................... e
i i :
Y Favivmnnrrmennsn i
TSRS JUUUS SR i
i e e ;
i e s b :
SRS RSOOSR

e,
b
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WIND LOAD

1) Velocity Fbessure
0< 10m - - 150 kg/m2

10m ~ '. | 4§rﬁ"

15.500
180 kg/m?
10,000
;o
150 kg/m?
A i L

2) Wind Coefficient
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§ 2 DESIGN OF SECONDARY MEMBER (ZREB# o)
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LOADING CONDITION OF GIRDER AND BEAM (b—2AoFEH)

LOADING

LOADING
REMARK REMARK
NO CONDITION : NO CONDITION
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SHEET {-20 OF

' SEISMIC LOAD .

(B EE) | | L
ITEM T CALCULATION
ZONE FACTOR (Z) - -z & 1.0

STANDARD SHEAR

B .
H )
Lo 4

COEFFICIENT (Co) Co = 0.1
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DESIGN OF MAIN MEMBER
DESIGN OF STEEL GIRDER
{1) MATERIAL
(STEEL)
F : F VALVE
ft : ALLOWABLE TENSILE STRESS
fw : ALLOWABLE WELDING STRESS

(2) EXPLANATION OF MARK _
A . ADOPTION POINT OF STRESS

7L-4, 88 CRITICAL-POINT

ML* : DESIGN BENDING MOMENT AT
PERMANENT CONDITION

MS1 : DESIGN BENDING MOMENT AT
TRANSIENT CONDITION

MS2 : DESIGN BENDING MOMNET AT
TRANSIENT CONDITION

QL : SHEAR FORCE AT VERTICAL FORCE

QS : SHEAR FORCE AT TRANSIENT- CONDITION

L.C. : LOADING CONDITION OF DESIGN

fb  : ALLOWABLE BENDING STRESS

c

LB : BUCKLING LENGTH

z : -~ SECTION MODULUS

Aw : WEB AREA FOR SHEAR

o/fb : BENDING STRESS RATIO

¥ : SHEARING STRESS

7372% : COMBINATION STRESS RATIO

(xg/em?2)
{kg/cm?)
{(kg/cm2)

{(cm)
(cm)

(tm)

{tm)
(tm)

(t)
(t)

(t/cml)
(cm)
(em3)

(cm?)

(t/cm?)
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(1)

(2)

DESIGN OF STE”L COLUMN'
MATERIAL
(STEEL)
F : F VALVE . - |
£t : ALLOWABLE TENSILE STRESSi
fw.i ALLOWABLE,WELDING STRESS

EXPLANATION OF MARK

At ADOPTION POINT OF STRESS
% i CRITICAL POINT -~
NL : AXIAL. FORCE AT VERTTCAL FORCE
NS1 "t AXIAL FORCE AT TRANSIENT CONDITION
NS2 ': AXIAL FORCE AT TRANSIENT CONDITION.
ML' i DESIGN BENDING MOMENT AT )
PERMANENT CONDITION
MS1 : DESIGN BENDING MOMENT. AT
TRANSIENT CONDITION
MS2 : DESIGN BENDING MOMENT AT
TRANSIENT CONDITION
QL : SHEAR FORCE AT VERTICAL FORCE
Q@S : GSHEAR FORCE AT TRANSIENT CONDITION
L.C. : LOADING CONDITION OF DESIGN
. fc  : ALLOWABLE COMPRESSION STRESS
54#* : SLENDERNESS RATIO
LK : BUCKLING LENGTH FOR COMPRESSION
fb. : ALLOWABLE,BENDING STRESS
C o
LB: : BUCKLING LENGTH FOR 'BENDING
Z i SECTION MODULUS.
A : AREA .
AW i WEB AREA FOR“SHEAR‘ an
gc/fc - :  COMPRESSION STRESS RATIO
cb/fo  : BENDING STRESS RATIO
¥  : SHEARING STRESS

. 7EPTE:  COMBINATION STRESS RATIO

(kg/cm?)
(kg/cm?)

(om)

(€)

(t)
( t ) -
(tm)

(tm)

{tm)

(t)
(t)

_-(t/§m2)r

'(¢m535

(t/cm?)

(em)
(cm3)-
(em?2)
(cm?2)

(t/cm?2)

LB
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