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1. General (—fAHIR)
t-1. Design loads and code (GREMIWIR B OVHLHE)
Dead and live load, equipment load ,crane load, column loads are

refered to calculation shect of superstructure structural analysis.

Coad ; AlLJ
Standards for Calculation for Reinforced Concrete

Stan&ards for Structural Design of Building Foundations

1-2. Allowable stresées_of materials (AEIOFEEHE)
Allowab]e strésses of materials are refered to the next page.
Grade of materials to be used for the substructure structural
analysis are shown below. _
Concrete Fe= ZiOKg/cm2 (3,000 psi)
Re-bar © SD-30 or equivalent (ASTM A 615 Grade 40)
Steel pipe pile - ¢-609.6X3.0 STR-41

1-3. Column axial force & Loading diagram (3 F0iFEi#)
See the attached sheets page-

1-4. Assumptions ({REZAF)
a) Column anial force of boiler structure and /G pedestal are
assumed as a ZOOMW of power plant.
b) Analysis of mat fouﬁdation
Maximum un-uniformed sinking is 1)15,000 of longitudinal length
of mat foundation(i=111.8m). Therefore, the stress of the mat is

calculated in consideration of 7.44mm sinking.
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BOILER HANGER STRUCTURE
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2-2. Allowable bearing caﬁécity of pile due to soil condition

Culculation of allowable bearing capacity of pile (MM OHETEH)
2-1. Allowable axial force of pile material (STK 41)
(BB oHZEBH)

Allowable compression strength of material : Lfc

1.372 T/cn?
Gross sectional area of pile : éﬁp = 131.6 cm?
Decreasing ratio due to the welded joint ¢ 5 % decrease

Ra = 1.372 T/cm® X 131.6 cn® X 0.95 = 172 ton/pile

(BRI & B ROk ERH) |
$609.6 X9.0 Effective thickness is 9.0 - 2.0 = 7.0 mn
GL <26.0 m  L=23.5m |
The allowable bearing capacity of steél pipe pile by seil
is culculated according to the following formula;
1 N
Ra = —— X {7 X30-N-ip + L —— X ¥ XLs)
3 : 5
where, 1 : Coefficient of open botton end of steel pipe pile
0.66
N : N-value of bearing stratum / N—vaiué of sandy stratum
| N =350 N=22.4
Ap : Area of pile ~0.292 m ? _ |
.ﬂf :.Circumference of pile - 1.914 m
Ls : Pile length in the sandy.stratum 18 m
Ra = 142.1 ton/pile ~ |
Therefore, the éilowable bearing capacity of steel pipe pile is

determined 140 toh/gilg .
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3 CALCULATION FoR NuMBERS OF PILE (ﬁ?%ﬁémﬁ%}

2.1 LOADS (B §)
W) T4 Reom & T pEESTAL

@ DEAD LeAD ' (D o® T oma
§ SLAE sLAS oz % z4 = 0AB
El oNe 0.5 + .8 = 144
MAY WS x =24 = 360 |
' 5._‘52);/,,7
8
N SLAR : .
gr -.Fm_'.,wﬁ.d SLADR 02« z% = 048
N| ' FiLL ond 2.3 9w 1.B = 4,14
{ e il L
i ?/. ey : 10, 62 -
FOR 74 PEDESTAL MAT .
cone'. 251 4P % 2% = AP |
For C.W.PIPE
WALL .
PRECAST CONCRETE PANEL : -
f=izomn - h=55m 0% x 55 x 28 = |5V
0, x 1P ¥ 2% = 0.3
o ' G
ConcRETE WALL. 1T Fom
ColuMn LINE A
%= 300mm  R=3Tm 0.3x37 x2% = 247,
) | B
4.2 Y
(b)) LIVE LoAD
EQUIPMENTS LOAD FOR ALl AREA 0.35 Tha*
BOILER FEEED purp ( BFPD 30 ™V x 3 units
MAIN ol TANK 6o TN

CoouNg WATER. HEAT EXCHANGER.
CoNDENSATE Putif '

5 TR x 2 uNITS

20 TN v 2 +
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AREA oF FDUNDATID)‘J
315 x13%= {co?‘gml

BoTrort oF ConDENSER ( 870 -rau)
AREA OF CONDEMSOR
8P x 3P = /04" b

(DY UNIT LOAD FpR FoumDATION

SHEET oF
(> 76 PEDESTAL
TURB INE HP+LP =768+ 2/5 = 38D ToN
C—}EVEPATOR 320 oM
PEDESTAL. - Ot x 23 1§20 ToN
2,620 ToN

= 6.40 -ra%‘_

== 8, & To%'a.

6 =

= 508“' + z438% + 555‘%- N

FOR T ReoM 55
_ 6 35
. 5. &N reny AL
FOR T4 PEDESTAL U
COMPENSOR g 30 —
e 640 630
MAT 620 _10.°%
2o fan (0% Jan
For CW. PIT . 360
— P PING ].pe .
’ : 4-.60 7-'-1\"'

Gi) OVER- Tuawwe, MOMENT oF T/g P..D.».STAL(AsmEQ R fass
TURBINE 380 x .\ = 38 14T m
GENERATOR. 320 v ‘ol = 32 1477

- PEDESTAL 1.4z0 x 192 - 123 m

M=GEB +32) <147 ¢ 192x 12T + (38+32+132) x 25
+ 35xi132x 25 x2% x008 ”, 25% )4

= 3755- Tt
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2> Bollex MAT

oy DEAD LoADb o S
i'("“.) Vﬂmﬁ’ T/n‘n"-

o <
fa} _ SLAE SLAB os2 w 2z = o, 42
ji : Fnu. co;c- FilL o 08 % 1.8 = 1.4 -
3‘; / // FUT o VAT 1.6 x 2% = 3°%°
S‘Sl V’Mz
&y LWE LOAD . .
MISC. . EQUIPMENT For ALLAPEA e = = - O35 Tau™
FDF : Lo ToN & Z UMiTs = |00 Tod
GRF 20 w 2 =40 Tond
(€D UNIT LOAD FoR FoullDATION DEAD © 5 5%

VE 0.3%
5 81T —» 587 %
O ASSUM/ING OF THE AXIAL FoRCE ofF MAIN ColLUPINS
OF BELER STRuUCTURE AT SE/SMIC TERMT .

WEIGHT oF BoILER _ 3.200 Ton
v pE STRUCTURE 770 ToM
3970 TN
SEISMIC CORFFIC/ENT k=513
NUMBER. oF [MAIN SRACE &
HEIGHT ©OF CENTER OF MASS b= 27 m
STANCE oF SRACE Qfm
AN= 3910 x 0.1% x 27 x Z’—- x -fg-!- = * =296 TN
(€D WEIGHT of EQUIPMENT FouNDATION (ABouE FLIEOD
- FPF . 8m x 28m x Zom x» 24 = 46 Ton/uniT |
GRF Lm x 25 w 2 x 24 = nz ™N/amT
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© 3-3. TABULATION OF LOAD & NUMBERS OF PILE (F1f ./ 41 4 5 5)

Location Loads Numbers o
. of tonis/ | tons/
Super- Sub~ Total Pile pile m*
. structure | structure Hcight _
T/G 7.684.7 12,286.7 19,971, 202 | . 98.9 11.27
ROOM ' ‘ 7 _ ' :
T/6G 4,053.7 - 4,110.7 8,164. 84 97.2] 19.94
PEDESTAL :
— » - -

Trans 389.8 1,334.0 1,723. 20 86.21 9.61
Unit-1 3 , '
Trans 337.8 1,061.7 1,399. 16 | 87.5| 8.81
Unit-2 _ : S -
‘Boier 5,650.0 - 8,776.0 12,426. 118 105.3 ] 11.59
Total 84, 246. 844 99.8
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- ax, gr'fnka'fnj value of ey B N e —— /5000 7.*5‘rmm.-.~g
Bending moment- t oM _EL
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2.
2.

. 2.

3.
3.

DESIGN CONCEPT FOR DEGISION OF FLUE INSIDE DIAMETER
[ FNRERREOERN ] ‘

The effective inside diameter of flue shall be decided so as to conforn

to the following requirements:

a, Exhaust gas vélocitv at the top of stack shall be more than 230 w per

second under the operation condition of ECR from the view point of
environmental pollution protection.

b. The required forced draft at the breeching opening of flue shall be
less than 50 mmAq under the operation condition of MCR from the view

point of the boiler efficiency.

DESIGN CONDITION [ #af&# 1
! Climate condition [ 844 )

Ambient tewperature _ 256 C
Specific gravity of air at 0°C and 1013 mili-bar 1,283
2 Exhaust gas condition [ HEH # 2 &4 ]

Cperation ECR HCR

Temperature 'C 145 145

Gas volume Ng® /sec | 157 165

Qg=Nm ° /sec(at gas temp.) 240.4 252.6

Specific gravity of gas (Ke/Nm® ) 1.293 1.293
- at gas tewp.( 7 g=kg/n® ) 0.845 0.845

DECISION OF FLUE DIAMETER [ AHEEORRE ]

1 Decision of & nozzle dismeter at the flue top [ AEHHERORE ]
Required cross sectional area of a nozzle to keep the exhaust gas
velocity of 30 m/sec under condition of ECR is;

Qe 240.4

Req 4 = = = 8.0 m?
30 30

Therefore, diameter is

F8.0 X 4
g = = 3.18 nd
/4

/

CIrK

-

.
¥



SHEET 3 OF 29
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Decided cross sectional area of top nozzle having dianmeter of 3.15 n
Cis 7.79 n?® |
3.2 Decision of effective diameter of flue [ HRANEBROUE ]
1) Natural draft force (the.oretical.l.v calculated) under condition of
MCR. [ BABK HOHE ]
Specific gravity of air (7 a) at 26 °C of ambient-temperature.is
278 o
ya = 1.293 X———— = 1,185
218 + 25
Height of breeching opening center is 10.0 m above'éround and
specific gravity of gas at temperature of 145°C is 0.845.
Therefore, natural draft force (Z) can be calculated as follows:
2= (140.0 -10.0)X (1.185 ~ 0.845) X 0.95 = 42,0 nmhq
Where, 0.95 is reduction factor due to gas-tem'p‘erature drop between
opening and top nozzle. .
2) Calculation of pressure loss ‘(Ah) [ EHhBELOHF ]
a) Exhaust loss at top nozzle( Ah. ) [ HHOoHHEL ]

7 g | 252,86
Ah; = A, ——mV,,¢ Vg =—= 32.48 m/sec
. 28 _ 7.79
: 0.8456
= 1,2 XX 32.43%
2X9.8 :
= 54,4 mmhg _
b) Friction loss in flue(Ah: ) (AW oERREL)
78 i
Ahz:= A —V,,2 X
2g b

Here, assuming that the flue diameter is 3.5 m, cross sectional

areas of flue is 9.621m% .

Therefore, gas velocity in flue becomes 26.26 m/sec.

Ahe = 0.02X0.0431X 26,262 X 130/3.5 = 22.1 wnhq
.-c)'Connection loss at breeching opening [ WRI~O AQOEE ]

'Dimens_idn of breechi‘ng open'i.ng is ZnX7n and areas is 14.0u% .

Gas velbcity( 'Vgs_) at breeching opening is 18.04 n/sec.

SF°
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d)

e)

Therefore, connection loss can be calculated as follows;
Y E

Az '_"'*“”“"Vs-'iz
2g

1.05 - X 0.0481 X 18.04% = 14.7 mnAq .

Total pressure loss [ &3ti@ a9 )

Ah Ah: + Ah:+ Aha

hd. 4 + 22.1 4+ 14.7 = 81.2 nmhq

Required forced draft[SAEM$IESE S ] can be obtained by

it

Ahs

"

il

subtracting natural draft force (Z) from total pressure loss

Ah - 72 791.2 - 42.0 = 45.2 mnAg < 50 mmAgq

Consequently, the diameter of stack is decided as follows:
Top nozzle (effective) [(FHITHIER]) ¢ 8.15n
Flue(effective) [FRAMER] S $ 8.5

The dimension of reinforced concrete windshield is decided

based upon the inner flue diameter. Refer to the Secton I1.

28

-
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1.

GENERAL

F— % 4% 33 ]

1-1 DESICN BASIS [sR 1 # & ¥ 1M )

The reinforced concrete chimney {(Height : 137 m) for the West
Wharf Thermal Power Plant Project Units No.l and No.2 is designed
to resist stresses resulting from the weight of the chimney, and

the effect of temperature, wind and earthquake.

The dynamic analysis is used for the seismic load as well as
the static analysis. The maximum stresses are applied for the

decision of the section of the windshield and the foundation.

The stresses are calculated in accordance with the Architecturail
Institute of Japan. The section is decided so that the stresses

do not exeed the allowable stresses. Also, the economical section

is considered.

Table of Reinforcing Bars (ASTM Standard)

NOMINAL | NOMINAL

SIZE DIAMETER AREA

{mm) (mm?2 )
£ 3 9.52 71
2 4 12.70 129
Z 5 15,88 200
£ 8 19.05 284
27 22.22 387
Z 8 25.40 | 510
£ 9 28.65 645
£10 32.28 819
£11 35.81 10086
#14 43.00 1452
418 57.33 2581

™
' ‘
S

ra
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1-2 ALLOWABLE STRESS

[n"}: ﬁl’hjj‘r“ -l

(1) ALLOWABLL UNIT STRESS OF COACREiE (kg/cmz)

PERMAN NT CONDITIONS 1LMPORARY CONDIFIONg_T
COMPRES - BHEAR - BOND ,COMPRES" BHEAR { BOND
L SION i B SION I
NORMAL -~ | BAR 1 ' ‘9.0 {13.5 | PERMANENT PERMANENT
CONCRETE | BAR 2 90 7.7 [[16.2 | 24.3 | CONDITIONS | CONDITIONS
Fc=270 ' - B X 2.0 * 1.5
NOTE : BAR 1 --- PLAIN BAR :
BAR 2 --- DEFORMED BAR :
A --- TOFP BAR OF FLECTIONAL MEMBLR
‘B —*~LOTHER BARS '

(2) ALLOWABLE UNIT STRESS OF REINFORCFD BARS (kg/cmZ)

“TEMPORARY CONDITIONS

PERMANENT CONDITION
TENSION FOR - SHEAR TENSION FOR SHEAR .
: . : COMPRESSTION| ' COMPRESSION| :
DEFORMED BAR -- .
ASTM AB15 1,870 1,870 2 800. 2,800
GRADE 40 ' . ' Co
(3) ALLOWABLE UNIT STRESS OF STRUCTURAL STEEL (kg/cm2)
PERMANENT CONDITIONS TEMPORARY CONDITION
CONPRESSION COMPRESSION
“TENSION SHEAR TENSION VSHEAR'
| BENDING | BENDING , :
STRUCTURAL STEEL- R T _
1'$541 AND ‘SM41A : 1,600 920 2,400 1,380
THICKNESS = 40mm’ Lo ' ' :
STRUCTURAL STEEL - L
SS41 AND SM41A 1 . 1,460 840 2,200 1,270
THICKNESS > 40mm | ' o ' » :
(4) ALLOWABLE UNIT STRESS OF WELDING JOI\T (kg/cmz)
PERMANENT CORDITION "TEMPORARY CONDITIOV
BUTT WELD FILLET WELD BUTT WELD FILLET WELD
S Tt A - : 'AND SHEAR ~ | AND SHEAR
'§S41 AND SM41A | A} @ 1,440 T 830 2, 160 1, 245
THICKNESS< 40mm | B~ 1,200 :700 1,800 1,050
'S541 AND SM41A A“' "1, 320 7160 i 1,980: Tooo1,140
{ THICKNESS > A0mm_| B 1,100 ¢ ‘835 1,650 950
NOTE : . A --- FLAT OR HORIZONTAL POSTTION :
C B --- OVERHEAD OR VERTICAL POSITION
“(8) ‘BEARING CAPACITY OF STEEL PIPE PILE (t/plle)-
R PEREANENT COWDITIO\S TEMPORARY CONDITIONS
STEEL PIPE PILE - s _ S S
19 609.6x9 - 120; 240
| STK41 - -




SHEET B OF 59

2. STRUCTURAL DATA
2-1 STRUCTURAL DATA

(3% 58 M 92 ]
DESIGN CONDITIONS [ #% it 4 {%]
A OIL
CEXPAUST GAS VOLUME {Nm3/sec) " . 157 (ECRY i8S MeR)
. EXHAUST, GAS TEMPERATURE. ("C.) ..o 145
TYPE INNER FLUE uypr )
DIMENSION B % T HE] .
~TOTAL BEIGHT (MY . o WO Y40 ]
HEIGHT OF WINDSHIELD (m). . Hw | R R
CUTOP OUTER DIAMETER (m). Dt 10,8
BOTTOM OUTER DIAMETER (m) . ... ..Db | . ... T
CTOP WALL THICKNESS (m) Tt | 0,25
TUBOTTOM WALL THICKNESS (m) .. .To ) ... RS T
SLOPE (2xHw/(Db-Dt)) e 3 78.29
" EFFECTIVE DIAMETER. OF INNER FLUE (m} | . . K T
INSIDE DIAMETER QF INNER FFLUE (m) 3.6
FOUNDATION = [ % AN
CTYPE .Q_GT.F!.\.GQ.NAL..R.C__.FQ.[}.NDAT.FEQI.\ ..........
WD () A
SUPPORTING SYSTEM STEEL PIPE PILE ¢ 609 6x9

LINING AND INSULATION [ 35 4 = v U RUIRE

= ‘Ff]

...................................................................................

GLASS FIBER

MATERIAL QUANTITY [ # H & ﬁ ]

WINDSHIELD

REINFORCED CONCRETE (m3) & : WINDSIIELD | . 1“999“m§ ......................................
_..REINFORCED STEEL BAR (t) . [ FOUNDATIOR | . 1,850 M3 . ..
LDSTEEL (B) e e 280 T e,

NUMBER OF PILE ‘ ' 124 piles

QUALITY OF STRUCTURAL MEMBER

HERERETL

. REINFORCED CONCRETE . ..........[ Fec = 270 .k.g.f_’ 9.11.1.2 ............................

L REINFORCED STEEL BAR .. ... .QMP."::.._%.Q..(AST.T.M...1?1.6.1.?.). ..................
INNER FLUE _ SM41A

DEAD WEIGHT (t) [E&]

LOWINDSHIELD p.=.2.4 t/m3 . 1. 4,560 i,

LCINNER FLYE p.=.7.86 t/m3 | ... 2 t/m. :t/m TOTAL(t)

CLINING o 0.2 20 LM 2.3.%/m:4.5: 630

INSULATION p. = 0.15 t/m3 | ... 0.2 T/m: .l

L FOUNDATION . ... p. = 2.4 t/m3 | 4,430 C i
SOII. ABOVE FOUNDATION p = 1.8 £/m3 880't

WIND CONDITIONS [ Rl & & 4 ]

L MAXIMUM WIND VELOCITY (m/ .S.). .................................. S .Q.. AT 10 METER. HEIGH? ..........
WIND PRESSURE (kg/m2) NS L U1 TR I A

h= 16 m 90V h ' :

{EJE"Jﬁ#*ﬁI‘mH:J

.CONDITIONS OF DYNAMIC ANALYSIS
INPUT SEISMIC WAVE -

...................................................................................

EL CENTRO (NS) AVD TAFT (EW)

........................

INPUT ACCELERATION (GAL) b S
DAMPING RATIO T S2 %

RESULTS OF DYNAMIC ANALYSIS [@1 B B% I 1 ]
NATURAL PERIOD (sec) :lst-mdde ' 2.199

...........................................................

BOTTOM b

R
—

{\E
-'4: A
o
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3. DESIGN LOAD (1)

[5% £t % 3 ]

3-1

DEAD LOAD [ & # & ]

Dead load consists of concrete windshield, inner flue, lining,
insulation and other accessorles.

Unit weight of each material is as follows.

Reinforced concrete:

2.4 t/m3
Steel inner flue: 1.0 t/m. (average thickness : 1ilmm)
Lining: 1.12 t/m (thickness : 50mm)
‘Insulation: 0.09 t/m {thickness : 50mm)
Soil: 1.8 t/m3

The weight of steel inner flue with lining and insulation is
2.21 t/m (=1+1.12+0.09). Total weight of two inner flues is

4.42 t/m (=2x2.21). Then the weight of inner flue for structural
calculation is considered to be 4.5 t/m.

LIVE LOAD [ # & & ]

Live load is considered to be 100 kg/m2 Tor only the decision of
stage members.

SEISMIC LOAD [Hh 2 & & )

Seismic load is calculated from the dead load.

(1) Superstructure

The design shear force and bending moment are calculated at
each level from the Tollowing egquations.

Cis=W
0.4=x1%xC1i=VW

Qi
Mi

o

where, Qi : Shear force at the level of "i" (t)
Mi : Bending moment at the level of "i" (tm)
Ci : Coefficient indicating the stress distribution
by height direction which is calculated from
the following equation '

Ci = 0.15%Z%(1-hi/H)

7z : Zone coefficient. for earthquake magnitude (=1.0)

hi : Height from the ground level to the level of "i
H : Height of chimeny from the ground level (m)
W . Total weight of chimney‘inc;uding inner flues

e

S
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3. DESIGN LOAD (2)
(&% 2 36 8 ]

(2) Foundation

Seismic force of foundation is calculated from the following

equation.

P = KsWf

K =
where, P
K
wr
Z
h.
3-4 WIND LOAD [Fln

0.05#Z%(1-h/40}

Seismic force of foundation (t)

Seismic coefficient

Weight of foundation (t) -~

Zone coefficient for earthquake magnitude (=1.0)

:_Depth from the ground 1eve1 (m)

Two klnds of w1nd 1oads are con51dered for the de51gn wind load.
One is static wind load and the other is resonant wind load.
Static wind load is calculated from the maximum wind velocity.
"Resconant wind load is calculated from the wind velocity by which
the chimney is resonated at the first mode. The static wind load
by that wind Veloc1ty 1s comblned with the resonant w1nd load by

vector.

(1) Static wind load [ & &' H & )

The horizontal static wind load is calculated from the
following equation.

Pi = Cqi#Di

where,

gl

Pi

C

Di

:_Outer diameter of chlmney at the level of

"N

Horlzontal static w1nd load at the 1evel of i

(t/m) " :

Coefficient of w1nd pressure ( 0.7 : cylinder

shape)

Wind pressure at the level of
gqi = 90 %/ hi _
hi : Height from the ground level o the

level -of "i" (m)

”

i" (kg/m2)

||‘il!
(m) _
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3. DESIGN LOAD (3)
fn‘l n+ ‘l"] E‘, ]

(2) Resonant wind load [5 57 ]

The resonant wind load due to Karman vortex is calculated Trom

the following equation.
Pri = Crxqr=Di

where, Pri: Resonant wind load at the level of "1t (t/m)

(t/m)

Cr : Coefficient of wind pressure at resonance
which is decided by the value:-of (Vr=D).
Where, Vr is resonant wind velocity {(m/s) and
D is outer diameter (m) of chimney at the
height of {(2/3)H. _

qr : Wind pressure at resonance {(kg/m2)

Di : Quter diameter of chlmney at the level of

(m) :

®

il!

{Detail explanation)

Vr:Resonant wind wvelocity (m/s)
Vr = D/(Sr=T)
where, D :Quter diameter of chlmney at the helght of (2/3)H {m)
Sr:Strouhal number.
Sr=0.18 in case of Vr+D< 100
Sr=0.25 in case of VraDz= 100
T :Natural period of chimney at the first mode (sec)

qr:Wind pressure at resonance (kg/m2)
gr = 1.5=qroxh/H
where, qro:Basic wind pressure atit resonance (kg/mZ)
qro=VrsVr /186
h :Height from the ground level {m)
H :Height of chimney from the ground level {(m)

Cr:Coefficient of wind pressure at resonance decided from the
following table

. p V”’“( 1. - 1 = pvy 7
VrxD<3 (2.3:3.0x(1-p ¥ 7 ) 2/ V7 2.3/ Y
3= Vr=D<8 Linear interpclation | Linear interpolation
B Vr*D<100 {(0.7+1.9x(1-p v 7 ) 2}/ V' 1 0.7/ ¥V
NOTE : n --- Damping ratio of chimney (2%) :
g --- Relative density of chimney calculated as below

(kg-sec2/m4)
p =W/ (9.8+H*D+Db) _
where, W :Weight of chimney (kg)
Db:0uter diameter of chimney bottom (m)

LY7o

"‘n-".
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4. DESIGN OF SUPERSTRUCTURE. (1)
(Lo g _

4-1 STATIC ANALYSIS [#5 09 B¢ 47 1

4-1.1 STRESS ANALYSIS OF SEISMIC LOAD [ B @ I N HR 1

Shear force and bending moment are calculated and the results
“are indicated in the following table.

Outer

Height Fhickness Inner Weight Shear Bending
Diamete ' Diameter Force Moment
hi ‘PL - “Ti -di Wi Qi Mi
{m} - (m) . (m) {m) (t) (t) {(tm)
ceaann Y37 4. 10.20 | 0.25 1. 8:70 1 ... 0.0 | ... 0.0} .. 0.0,
e 230 10.38 f ... 0.26 | ... 9.85 i ... 135.8 | ... 39.7 1. 2177.1
ol d200 10:63:) ... 0.28 1" . 10,0717 345.6. | ... 96.5 |....5287.3.
i 11071 ... 10.89 1 .. ... 0.30 | ... 10,29 | .. oT4.T 1 . 153.2.{ 8397.5
e 100 1. 11225 ) ] 0.32 1 ... 10.51 1 ... 823.8 1. 210.0 1 11507.6
s 90 1. 11.40 ¢ .. 0.34 1 ... 10.73 ... 1093.4 [ . 266,7 | 14617.8
i 80 1. 11.88 ... 0.35 | ... 10.85 | ... 1384.2 |...... 323.5 [ 17728.0
et 10 ) 11.91 ) 0.37 ... 1137 4. 1697.0 ) 380.3 ) . 20838.1
e 60 ... 12,17 1. 0.39 j.... 11.38 | ... 2032.2 | .. 437.0 1 ..23948.3
NI 50 |........ 12.42 | 0.41) . . 11.61 1 . 2390.7 | _..: 493.8.] 27058.5
! 40 ) . 12.68 ) 0.43 1. .. 11.82 1 2773.0 1 . 550.5 1 30168.6
RURTOS. 30 f . 12,931 . .. 0.45 1 ... 12.04 1 . 3179.8 | .. 607.3 ) .33278.8
e 20 10 X3.28 [ 0.46 | ... 12.28 | .. S611.7 1. 664.0 | 36389.0
NUOT. 10 | ... 13.44 | 0.48 | - 12.48:f 4069.4 |  720.8 | 39498.1
0 13.70 0.50 12.70 4553.68 T77.5 42609.3

4-1.2 STRESS ANALYSIS;OF

STATIC WIND LOAD (% 83 il /£ /7 ic & % J5 71 &% I ]

Shear force and bending moment are calculated and the results
are indicated in the following table.

Behding

Height Shear
' Force Moment
hi Qi Mi
{m) (t) (tm)

..... ABTL0 g
e X279y 180 0 173.7.
s 1l§ﬂ? ............ $§fl .......... 521390
... 10980 5T 3 1045.0
LLLA00L5 76.4.1...1743.2
R 91.3 1., 95.6.:]. ... 2616.1
AUUI. 82.2 1 ... 114.6 1 - 3663.0
RRT 731 L 133.5 1. . 4882.5
RUTTR. 63.9.] ... 15221 62726
el 54.8 | ..170:8 1 . 7830.6
e 45.7 1. 188.5 1. 8552.7
e 36:5 |.....206.,0 | 11433.7
SR 27.4 1 222.6 | 13466.7
N 18.3 1. 238.2 |./15642.1
SR 9.1 ) 252.1 1..173845.0
0.0 262.9 18145.8
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4. DESIGN OF SUPERSTRUCTURE (2)
[ 13 o % i)

4-2 DYNAMIC SEISMIC ANALYSIS .[‘IU} ' Hh B G % AE Y]
4-2.1. Analysis conditions .

a. The reinforced concrete windshield (H=137m) is divided into
15 parts in the same height with the mass concentrated in
the center of each part. The mass of foundatlon is
considered to be One mass.

b. Only flectional stiffness is considered Tor the analysis
model of windshield. The stiffness of inner flues is not
considered for the analysis.

.¢. The stiffness of sway and rocking is considered for the
~analysis model of foundation. The stiffness of steel pipe
pile and soil is also considered for those stlffnesses ‘
The stiffness is . calculated as follows.

- Spring constant of sway stiffness : Ks ft/m)
Ks = n x Kh#*B/8 = 3.428E05 t/m

where, n : Number of pile (n=101-piles}
Kh: Coefficient of ground reaction decided ground
conditions (Kh=2.31kg/cm3)
B : Plle diameter (B=60.98 cm)
B : = Y Kh*B/(4xEx1) = 0.004148 cm-1
2100 t/cm2 (Young modulus of steel pile):

= 7

[V

pipe pile ¢ 609.6x9)
- Spring constant of rocking stiffness : Kr (tm/rad)
Kr = « fE*Io/L = 1.218E08 tm/rad

where, a @ Coefficlent considered ground effectiveness
Io: Inertia moment of a group of steel pipe piles
Jo = 0.5%A*% (n*r*r) .
A :Section area of one steel pile
(0.01698 m2) -
:Sumation of all sizes of r
:Number of piles with the same size of r
:Radius of pile locations from the
center of foundation (m)
L Plle length {25 m) :

=

76600 cm4 (Section inertia moment of steel

{Detail explanatlon)

Kh = 0.8*Eo*B™ 7= 0. 8*(7*9)*60 96~% - 2.31 kg/em3

where, Eo:Coefficient of .soil deformation; —T*N {(N:N-value)

@ = A =(2 *tanhX +7.)/(y *tanhX +1 ) = 1.744

where, ¢ =Atxkvs*L/(A*E) (At:Closed section area of pile bottom

kv:Coefficient of vertical ground reaction, L:pile length):

2 =L= ¥ cs*U/(A*E) (cs:Friction coefficient between pile and
soil, U:Circumference of steel pipe pile)

ol
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4, DESIGN OF SUPERSTRUCTURE (3)

[k & o5 E]

d. Damping ratio : hl = h2 = h3 =

e. Maximum input acceleration ; 150 gal

f. Input earthguake wave
EL CENTRO (1940 NS COMPONENT)
Number of data :
Time difference between data
Analysis period

TAFT (1952 EW COMPONENT)

Number of data

Time difference between data :

Analysis period

2,688
0.02 sec
53.7% sec

2,720
0.02 sec
54.40 sec
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4. DESIGN OF SUPERSTRUCTURE (4)
(LBt

4.2-2 Analysis model
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4.

DESIGN OF SUPERSTRUCTURE (5)
(L 80 o &% &1 1

4-2.3 Results of Dynamic Seismic Analysis

(1) Eigen value

Natural Period, modal particpation Tactor and mode shape of
each mass at each mode are shown in the tables 4-2.2 and
4-2.. 3, '

(2) Maximum réspdnse

Maximum response values are shown in the tables 4-2.4 and

4-2.5.

Response displacement, acceleration, shear force and
bending moment are indicated. Table 4-2.4 shows the results
of EL CENTRO seismic wave and table 4-2.5 shows the results
of . TAFT seismic wave.

DYNAMIC ANALYSIS FOR RESONANT WIND LOAD

.1 Calculation of 1n1t1a1 data

Each data necessary to stress analysis is calculated and
shown in the table 4-3.1.

.2 Results of stress analysis

Shear force and bending moment by resonant wind load and by
static wind load at resonant wind velocity are indicated in the

table 4-3.2.

Shear force and bendlng moment by combined loads of the
resonant wind load and the static wind load are shown in the
~table 4-3.3. ' '

RESULTS OF ALL STRESS ANALYSIS

The results of all stress analysis are shown in Lhe flgures 4 4.1

to 4-4.6.

Figure
Figure
Figure
Figure
Figure
Figure

4
4
4-
4
4
4

[ I (I
LT
[o2JR S ) QRN VL IR O I

The c¢ontents of the figures are as follows.

Vibration Mode Diagram 1 (U)
Vibration Mode Diagram 2 (g8 =U)
Maximum Displacement Response
Maximum Acceleration Response
Shear Force

Bending Moment

P
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A4-3. 1 _INITIAL DATA_FQR CALCUHLATION

e Table
74P TWEST WHARF  RC-STACK

wREEw AR AR R R % k%

Height 0 _area. L Diameter Thickness  Weight ...
0. %g‘(ﬁ) bigeted arca Level . Diameter Thickn A O
- ——— 137,000 10200 5,750 0,000
1 . 132.433 94,225 L
- _ 127.867 " 10.433 0,967 {78,455
3 123.300  96.356
. T 118733 10.667 0785 373,550
3 114.167 98.487 -
e . T g 109,600 10,800 " 0.300 584,306
4 105.033 100,618 -
- - T 100,467 11,133 0,317 811,606
5 85.900 102.750 |
g : 81,338 11,367 0.333 1056274
0 86.767 104,881 o |
- _ - 827700 11,500 0,350 1318.300
7 77.634 " 107.012 e - . o
— — = 73,067 11,833 0,367 1538, 689
3 68, 500 109, 143 R -
N — 63,934 12.067  0.383 1867.690
9 59,367 111.274 _ '
— - - 54.800  12.300 0,400 . 2215.678
10 50.234 113.405 - | B -
— - : 15867 12,533 0.417 9553, 364
11 41.100 115.536 - ‘
— T Taoe 36.534  12.767 . 0.433 911,173
12 31.967 117. 667 o )
- _ " TTA00 137000 67450 3789.6072
13 22.834 - 119.798 ' |
— _ S 18.767 13.233 0467 3680.150
14 13.700 171.929 - - |
— . . 9,134 13.467  0.483 1116.313
15 4.567 124.067 g ,
- . T 5,000 13.700 7,500 1553 613
. Dm hl- P1 - Vm Vr Sr Vr*D' T1
11.400 0.02 1.00  49.23 20.74 0.25  236.43  2.1987

HHHBHHE Cr = 14120 5 HH#

(" RROS*ROOT(ETA) (1.0 , 100.0 = Vr+D (5r = 0.257 )
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Table 4-3.2 RESULTS OF STRESS ANALYSIS BY WIND (1)

(1) 4, ho\Uﬁ{EE‘.ii_xHémﬁ < Vr = 20,7 w/sec > . -
—— S $yjmnamMM§r static_ wind load
I I A P - 7
_ 0. WEm)  MAWAR) T A Vb (tem) WAWARL) E— 2 (tn)
Height Shear force Moment Shear force Moment
1 137,433 . 0,000 0.00
51.865 o 1.773
2 123,300 473.694 16.195
o T 101. 244 . 3.586 -
3 114,167 1398.389 - ‘ 48,951
147.978 5.440 T
4 105,033 2748.913 ' _ 08.635
T 191.803 o 7.333
5 85,900 4502.616 : . 165.612
T T 232.857 T 5.267
8 86.767 - £629.373 25gﬁggp
T 770.680 : 11.241
Vi - 77.634 , 8101,577 - 352.914
305,210 C 13,254
8 __ 58.500 : 11889, 148 473.970
"""" 336,783 B 15.308
g 59.367 ) 149860.524 : 613,786
T 363,740 T 17.402 T
10 50. 234 18282.669 772,726
T 387.417 T 14536 -
11 41,100 21821.065 o 951,158
407.154 T 71,711 -
o1z 31,967 22539.721 L 1148,448
T ) T 427,787 23.925
13 22,834 .._28401.164 1367, 962
T T 434,157 26.179
14 13.700 33366.447 1607, 067
341,100 98,472 -
15 4.567 : 37395.143 1867,127
443,455 _ 30.809 _
16 . 0.000 : 1 39420.468 2007.835_

324

S
. W
¢ ‘«w»’
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Table 4-3.3 RESULTS OF STRESS ANALYSIS BY WIND (2)
(2 BD, B URBRRENS HMADEMEDH < SRIWED D v HDre2) » 1.00 >

K. W (m) AW () T = A v b (tam) -
: - Height Shear force Moment
1 132.433 0.000
. . 51.895
Z 123,300 473.871
101,308
3 114,167 : 1399, 245
o . 148,078
4 105,033 ' ' 2751.681
: 192,043
2 85.800 : ' 4505, 661
233.042
6 86,767 6634.094 .
' 270.914
B ' 7 77.634 . 0108.417
(;j _ ' . ) 305.497 ,
' 8 68,500 11898.582
336.632
g - 58,367 : m' 14973.110
T B 364,156 . '
10 50,234 ' 18298.891
- T - 387.509 T
11 41,100 ' - 21841,785 -
T T T 407,732 -
, 12 .. 31.967 25565.574
Tt T T - 423.464 .
13 22,834 29432.971
N 434,945
{’) o T 14 13,700 ' 33405.127
e - 447:018 ..
: 15 4,567 ' 37441.727
_ B 444,524
16 0,000 39471.568

Zé"s _'
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4~5 DESIGN OF SECTION (2)
[W}T'H'ﬁ:]

4-5.2 DECISION OF SHEAR REINFORCEMENT

'Sheaf reinforcement is décided from the méilﬁum shear force at
each level of section. The results of: calculation are shown in
the following table.

hi Ti A B A T s | As RE-BAR ARRANGEMENT
m m m2 t keg/cm2| % cm2 BIZE-n] @ D/T
137 [ 0.25 | 7.81 . 0.0 0.00.] 0.00 - A4 = - -
130 [ 0.26 | 8.35 332.2 3.98 ] 0.28 7.5 E4-06 200 D
120 | 0.28 {9.14 387.8 . 4.24 | 0.30 8.5 E4-07 200 D
110 | 0.30 | 9.96 428.8 . 4,31 10.31 ] 9.2 E4-08 200 D
100 | 0.32 10.80 411.4 3.81+} 0.27 8.6 E4=07 | 200 D
90 | 0.34 L1.67 | 353.4 3.03 | 0:.22. 7.3 F4~06 | 200 | D
80 |0.85 12.57 | 323.5 2.57.] 0.18. 8.5 E4-06.1 200 D
T0 | 0.37 13.50 '380.3 2.82 | 0.20°] 7.5 F4-06 | 200 |- D
60 | 0.39 N4.45 437.0Q 3.02-10.22 8.4 E4-07 | 200 D
50 10.41 N15.43 493.8 3.201{0.23 9.3 E4-08 200 )]
40 1 0.43 16.43 618.8 3.77 10.27111.5 E4-09 | 200 b
30 | 0.45 B7.47 T82.0 4.48 | 0.32 | 14.2 E5-08 200 D-
20 10.46 18.53 { 891.4 4.81. 10.34 115.9 E5-08 |- 200 D
10 | 0.48 19.82 975.9 4.97 10.36 |17.1 E5-09 200 D
0 ]0.50 0.73 | 10569.2 5.11 1 0.36 | 18.2 E5-10 200 D
NOTE:t --- Shear stréss ; Q/A '
ps --- ratio of shear reinforcement
= 2xt¢ /ft*100 :
{(ft : Allowable tension stress of shear
- reinforcement in permanent conditions
;' 2,800 kg/cm2)
As --- Required areca of shear relnforcement =psx*T*100
(T: Thickness of wall)
D/T --- D; Double, T; Triple

o
-,
i

-
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4-5 DESIGN OF SECTION (5)
fmimaﬁ'k 1 :

{3) DECISION OF ADDITIONAL REINFORCEMENT AROUND OPENING

Additional réinforcemeht around opening at ecach direction is
calculated from tension Torce which is calculated by the

. following equations based on the shear

‘a.

Tv=(h*t/2)

CTh={Lxt/2)=1

Vertical direction

{ton)

Horizontal direction

. Diagonal direction

{ton)

force.

Height of opening (m)

Thickness of wall {(m)
=Q/A (t/m2)

Td=d«t+*7 (ton)

where, h :
1. : Width of opening (m)
d : (h+L)/2 2 (m)
t :
T : Shear stress
Q : Shear force (ton)
A

Section area (m2)

The area of additional vertical and horizontal reinforcing bars
with décrease of the area of the original bars can be counted

for the diagonal tension.

The calculation is shown in the fdllowing table.

- Openlng at the 1evel of GL+7 Sm

: ft:

But the area is_multiplied by 1/ 2.

2.8 t/cm2

h= O . 0 L~ 4.0 t= -0.49 Q= 996.7 | A= 19.9
. Calculation ' Reg. area Arrangementjf{at-ao)#*1/ 2
3 ca, b, ¢ : at (c¢m2) Size ! n (cm2)

Tv (ht/2)+{Q/A)! T4 268.3 “8 . 6 |av'= 14.42
Th (Lt/2)*(Q/A): 49 17.5 ] 28 ¢ 4 {ah'= 11.59
Td  gxtx(Q/A)  : ATT ) e e

(av'+ah')*fti 73 37.2 =8 8 -

- Openlng at the level of GL+0m .

ik ' ft= 2.8 t/cm2
h= 6 0 [L~ 5.0 [ t= 0.50 ] Q= 1059 | A= 20.7
oL Calculation Req. area Arrangementf{at-ao)*1i/ 2
Sa, b, ¢ at (cm2) Size : 1 (cmz) .
Tv . [(ht/2)=(Q/A): 77 " 27.4 #8 ! G lav'= 14,42
Th [{Lt/2)«{(Q/A): 64 22.8 | £ : 5 lah'= 15.20
Td  fdetx(Q/A) - 199 1 ... EUNS AU T R

: (av'+ah' )=t 83 41.3 =8 8 -
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5. DESIGN OF SUBSTRUCTURE

5-1 FIGURE OF FOUNDATION
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SHEET 3%  F s
5. DESIGN OF SUBSTRUCTURE (2)
(3% TS o & B
5-2 DESIGN LOAD FOR SUBSTRUCTURE (2% B o & &b A ¥ 3 )
(1) Dead load (Permanent conditions)
Superstructure Ws = 4,560 ton
Inner {lue Wi = 630 ton
Foundatlon Wi = 4,430 . ton
Soll - We = 880 ton
Total : W . o= 10,500 ton
(2) Overturning'moment (Temporary conditlions)
Superstructure Mo = 42,609.3 tm ' '
Superstructure Mq = 4,766.4 tim (Qxh=1089.2+4.,5)
Foundation M{ = 443.0 L {(=kWl*h=0,05+4430x2)
Total M = 47,818.7 tm
(3) Shéar force (Temporary conditions)
Superstructure Qs = 1,058.2 ton
Foundation Qf = 221.5 ton (=kWle0.06%4430)
Total [ = 1,280.7 ton

5-3 DESIGN OF PILE o et ]

(1) Pile data

Material : Steel pipe plle ¢ 608.,06x9

Length ' v S 200m S ' '

Bearing capacity : 120 ton (Permanent conditions)

_ L . 240 ton, -15 ton (Temporary conditions)
Number of pile " 124 '

ip I - Bl14.2

(1) Permanent conditions
V = W/n = 10,500/124 = 84.7 < 120 ton 0K
(2) Temporary conditions | |
a. Vertical load

-W/ﬁ M/Z = 10,500/124 + 47,818.7/514.2

vV = *
o= B4.7-+ 93.0 = 177.7 < 240 ton 0K
vV = W/n - M/Z = 10,500/124 ~ 47,818.7/514.2

= 84.7

~. 93.0 = - 8.3 >» <15 ton OK

b. Vertical load + Shear force

gc = V/A = 177.7/131.6 = 1.35 t/cm2
ob = M/Z = 1241.6/1940 = 0.84 t/cm2 ,
B = KhB/EI = 0,004148 c¢cm~1 (Refer to 4-2.1)
M= Q/(2+8 ) = 10.3/(2%0.004148) = 1,241.68 tcm
o=

1.35 + 0.64 = 1.99 t/em2 < 2,05 t/em2 0K
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5. DESIGN OF SUBSTRUCTURE (3)
[36 W @ 3% &1 )

5-4 DESIGN OF FOUNDATION [# I (& o & 3t )
{1) General

The foundation is divided into the following strip in each
direction for the structural calculations. The design moment and
shear force is computed as. the simple beam subjected to the pile
reaction. The foundation is divided into two regions, region A
and B, for design purposes. The reduction factor (R=0.5) of
moment and shear force is considered in the region A because

it is assumed that the part is in two way. slab.

6,850 6,850

5,178 : .
‘ §.178
o
REGION, B A = P
’ REG DON, A ®
—
K _
4]
E.-
w a
a
hid

i

L
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5. DESIGN OF SUBSTRUCTURE (4)
[3 I o 3% &t ] -

{(2) Table of pile reaction

The pile raction is_calculdted Tor the foundation design and
the results are shown in the following table. The figure in
5-1 OUTLINE OF FOUNDATION 1is refered for the pile number.

NO. OF- LOCATION - Zp - REACTION
PILE FROM : PERMANENT EARTHQUARE
© CENTER (m) _ (ton): © {ton)
1 11.75 ‘514,25 84.70 ) 82,99
2 11.64 519.11 - B4.70 82.12
3 11.29 535.20 . . 84,70 | - 89.35
4 10.73 - B83.13 : 84.70 | 84.92
5 10.00 ) 804.24 84 .70 79.14
6 9.85 . . B13:.44 84.70 77.95
T - 9,40 842.81 84.70 § T4,39
'8 8.66. £97.74 84.70 68.53
9 8.00 755.30 | 84.70 63.31
10 T.83 -TTL.70 84.70 : 61.97
11 7.31 ) 826.59 84.70 57.85

(3) Calculation of bending moment and shear force

From the data of the above table bénding moment and shear fTorce
of foundation are calculated as follow.

“PERMANENT _ T TEMPORARY

SHEAR FORCE MOMENT  BHEAR FORCE MOMENT
() (em) 4 (8) o (tm).
1 84.70 415.03 |- 177.69 870.67
2 84.70 405-.71 | 176.82 846.95
3 84.70 | 376.07 | 174.05 T12. 11
4 42.35_ 164.32 | 84.81 | 329.05
5 84 .70 266.81 | . 163.84 516.09
6 _ 84.70 254.10 | 162.65 |  487.95
7 T42.35 107.99 | 79.55 | . 202.84
8 T 42.35 "16.65 T78.62. 138.68
g — 84.70 97.41 | 148.01 170.21
io [~ 42.35 41.50 | 73.83 | 71.87
i1 T 84.70 TT38.96.].. 142.55 ] . 65.57
TOTAL 584.10 |. 1.,684.85 | 1,281.71 | 3,912.47
NOTE: @ = % pRi, - Qo (Qo = T 178.20 ton)
3 M = T pRi*Li - Mo (Mo = .  560.20 tm )-

Qo : Shear force by the weight of foundation
. Mo : Bending moment by the weight of foundation
(4) CheCkubfféécfioﬁi

1281.71%1000/(517.8%435%(7/8))

~a. Shear stress : r.s i
| ' i ©6.50 t/cp2 < 11.55 t/cm2 OK

He li

b. Required re-bar : at = 3912.47+100000/(2800%435%(7/8)%5.178)
e o .= . 70.90 cm2/m £8-14/m (288140

double)
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(5) Arrangement of reinforcing bar
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Dynamic Analysis Eguations

{1) Slope-deflection method

. Stoxry Point

@

The slope-deflection method is a method by which slope-
deflection equations are used.
Eg. (1) in Chapter 4.3 of "Dynamic Analysis" is obtained

by the following steps.

@

The deflection energy of

n '—*M'ri the elastic beam is:
n"lq. .—--—--—--:n--- N » . - v
' i+1] [ U= Uy + Uy + Ug + O =--+-(B)
1+1{ fm ! whexre;
ihj i~story hy total energy due to
ot v ! total deflection
Un : energy due to axial force
3 PR e X Uy : energy due to bending
P , moment
1;@777““491 Us : energy due to shear force
. U : enex due to torsion
Fig.1l T Eb

Ve disregarded.the Uy, Ug and Ur due to its having small
poténtials as compared with:Uy(deflection component) -
in slender -type -beams such as those in the stack shaft.

That is, Um is by far the greater of the energy.

See APPENDEX - A
@ »p.1-67, 38. Slope-deflection Eguation

) p.1-31, 19, General Form of Solution
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The deflection energy (due to bending moments) can be obtained

by applying Eq.(B).

hy
: _ i 2
U = UM = . AX v et s e {B)
'y 2ET
where;.

EI : bending stiffness

M : bending moment

®

By applying Castigliano's theorum to loads M; and Mj,43

Eqg. (C) becomes as follows:

M | _..__h'_ S
9. .U _j LM (m/oms)
g o= 20 -

i+l

oM EI
- i o .
i+l L °U _ chi MOQM/2M; )
LB — " axd
hy oM So EX
, e , Qi, Qi_{_l:_rotation of joints
</ I S iand i+1
My : oM, M., end momeﬁts i
B : i i+l T n-
Flg.2 | i and i+l
oM M ' A | '
M and i i ing '
* DH; CEI is obtained by the following steps.

See APPENDEX —- A

()HP.I—42; 27. The;complimentary—Energy method and

7 éaétigliaans theorum.
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T ?7 ——f— . ' 7 .
Fig.3 shows Bending moment :
distribution by bending moments
| Mo and Moy : _

M represents the bending moment

—T at point x, and is as follows.

3(\
}.J.
=

Fig.3

Furthermore, oM na ERY are obtained from Eg. {D}.
oMy My

oM _ hi-x ) ~
o Mj hy i
. _ Feaennn (E)
oM _ _ X !
j
oMy by

Also, by applying Eg. (D) and Eqg.(E) to Eg. (C).
6 ana 0; 49 can be obtained.

hy
h.-x : h.-x
6; = - {Mi("j““)_“iu 5 } . dx
EI n; nj . hy
¢
h. h,
i -
_ 1 h,-x iy % \ h,-x
= M, 'dx-Mi-i-l } )dx
0 EX hi 0 ET hl hi
hy N
i -X
b | A o () ) (9
+1 i x
1 . ET hl 141 h:_ hl
h h,
h B . by =
1 h.=-x\/ - b 1 -
= - M, ( - j/( ad )dx + Mi+l ( X )dx
EX ;i hj S FI hi.
0 Q0

e
A “‘-\

Ev2
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Consequently,
. G . o= d: . .M,_ﬁu.ﬁ. -M et amt e i & e .
i i i BT
j } ...... {F)
Oivi=~B- My -+ Kjpr—-Mypq——en
. Sh, 2
» - A h . N
where; '{Xi - . 1 (.1 ) A ——
h.
i .
- h.-x
0 EI hi hl
'li 2
1 X
. .= ax
i+l ET hi
0
. Taking into account the relative
joint displacement of joint
"i* and "i+l1", the rotation of
member "i~i+l" is obtained.
81 - ¢i TRy 1 _
..... (G)
My 03017 Y341 - Rs J

Fig.4

The bending moments.Mi and Mj 43 are obtained by applying

Eq. (F) and Eq.(G).

- 1 - ;
My = — Z{O(i+l{ Py m R 4B - Ri)}
Aikkisy A% !
fevennn (H)
M = : oL (s R, ) +ﬁ(.9&.~R.)}
i+1 2{ i i+l i i 1
O{io(iecl e :
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Consequently}aq.(H) becomes as feollows.

i

Mi“,

r

. R ..- o - . + b‘ - . - . , O R "
i+l Ki( ‘al, i+l ‘7!/1 i (/117+l * C;L i+l R,‘L) i

Ry by g gy gen ¥ Can,g ¢ R J

Mivr,i0 T
where;
I'ii,'i+1 = r'ji
Miv1,1 = Min
2ET1=
K,  _ _2EIj

EI, bending stiffness
hi ol 141

ds - = .
1,31+l a2
2EI; RiXier -4

l+1,l 2BIi O\' io{_:+1 _)@2
Ll -
* 2EL; o ;Aie1 T 87
—_ b
Ci, i+l (ai,i+1 + 1)
Civr,s = ~(®ie1,4 +b )
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EXAMPLE:

In the case of.d simple supported beamn énd EI; = cbnst.-
l h. 2 E . B
i i )

oo L g (hi“x ) T
1 " rhifx )( hihx) hj
- — dx = 2t
A | Sg s TEEL;
i n.
of, o= 1 'S [ % ) ax = s
i+l EI; 5 \ hy 3EI
2 1 (hl\f
[X b O( i+l /3 12 EIj
hi
. _ by 3EI; S
i,i+1 2EX; 1 ./ by 2 :
’ 12 EIi
hj
a, .., = b 3514 = 2
i+l i ZEIi . 1 ME} 2
12 EI;
h ni
b = i . 6ETL; _—
12 EIi
_Ci,i+l .= —{2+1) = -3
41,1 = (21 = -3
M. == MEEEA_.(z % - 3R.) 1
i,i+1 i 1+1; Tt co
. ' . Ceeaned (1)
2ET; | ’
Hie1,1 "‘TGT‘"'(¥31_+_2q/i+1 - 3Ri? J

Eq.(I) represents the slope~def1ection-equation without

considering the load between i and i+l.




(2) Three-moment eqguation

The three-moment equation is based upon the eqguilibrium

of bending moment and shear force.-

Bending moment equilibriums at poin

i+2 | _
MiLs o T
+2,1i+ .
N T i and i+l are as follows.
s Q41 hi%l M. = - .
i,i-1 "M in 0 e (3-1)
i+l /‘ji\' M_j_-tl;l._j'-i_z_ ...... —_ M 3 M = 0 .
A\ Mi+l,i R 0 . § i+1,i+42 T e e - {J-2)
T Q4 hij Shear force equilibriuns at point
g .. : . N
i dj\ MLLLtlﬁ__“_L : i and i+l are as follows.
. .+ .. ={0). I 5 S, -
) Q5.1 h;_y Ml"l,l M1,1~l Ql—l hl—l (J-3)
i1 IINMs s Miisd T My 7%y T (3-4)
Fig.> Mits, 1927 Mian, 140 "%ay +Piay 7 9730

Also, slope-deflection equations for each span of beam

are as follows.

Mion,e T Fiatfia Paa ! by yWs +Ciy,5 Ryoy)eess K1)
Mol T K big it e g Fi ¥ Ciam1 Riy) oo (K-2)
Myger T K0 gag s v Piaa Y G aa R e (x-3)
Mipr,i = KiUbg Wy vagyy s * Gy g B e _”‘“4;-

) RPN (K-5)

Mol ie2 T Bl @i ae2 ParrtP i Pzt Caanien Ria

Mivo,ie1 = Kinalbiar P50 * asa2, i 192 F Cia2,102 Ri4y) (K-6)
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The three-moment eguation (Eq.(é)) can be obtéined by
applying Eq.(XK-1) ~ Eq. (K-6) to Eq.(J-1) ~ Eq. (J-5), and

by feduéing the rotation of joints (l&_l qi ¥&+l ).

Ai+l°Ri+l + Bi.Ri-+ Ci-lRi-l_: Di+IQi+l'*"Ei'Qi"+ Fi“l’Qi~l
where; _ _ _.........(2)
Riypr Ry Ry : rotation of i+1, i and i-1-

story, respectively

"

Q41 Qif-Qi;l | shear force of i+l, i and i-1

story, respectively

0

Aiyyr By Gy coefficients of three-moment

()

i+17 Tif Ti-1 egquation
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{3) Vibration eguation
b =X, . ) : o :
+ i . Yogs .
i+) . Fig.6 shows equilibrium based
h_141_, upon the'vibratidn curve in the
case 0f a lumped mass vibration
Bi model.
g Shear force Qi'and rotation Ry
i of.i~stdfy are as follows.
hi-a
L d-1 Z T (){ + ZO)
j=i+1 (3)
X, - X,
Ri_a;.ifﬁ =
Ly hj
; where;
e
ﬁ;; m; : mass at i point
. z. : ground acceleration
Fig-6 0
Xi displacement at i-point
hy height of i-story
Substituting Eg. (3) into Eq.(2).
n-story, i-story and l-story, respectively.
H+1 (L l)
I,¢ -X Xy Ty Z Z ...... -
Br ‘}Lu - CN"I == —Eegm (11':?9 ko m)'(x!-fg )
5"1 JN‘l
: " . I e
s SNENIP D CHNND NS (E AR z‘
Ly 2=l 2. Ci-1 ——.r{(x
A ‘ “F‘viﬂ B" ‘?;a.. * “}'.'.-I DA '(,,‘,) jo)
4] a¥]
— Efi m}{l}*éo) -_ F){-IZ }Y\“_ (_‘1&‘_".‘50) ...... (L_z)
Jrivd Proo
\ﬂ
Ly- L, - Z':- b e 30N i [Trwe2 YN —F ) war Y2 Y e -
AZT H LD), }7' D;S W (1) 07") tiz‘ﬁ’\ap ('x}_ 5 ) (L 3)

vy,
Poss N
: '
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Consequently, equations (L-1), (L~2), and (L-3) are as follows.

Cn-1 Bag ) Cn-1
N4l N N-1
1 ihy- h hyoy

ar ] BN
(EN+ Fe 1) Ty a¥pgent Freey Mo Ay " N
: vees. (L-1Y
AD B F )M Yagt (D PR Im Xt e e e -
e +(%+1+31+Frd)ﬂ_ X . .+ (Bi+fbd)m

+27 42 i£§i+1+ E-lmixi

+ Bl oy fBi A'i*'rl)‘x_ +(£1_;_ _ i—l = 0. dT—2)"
= hi+l i+2 h i hin i+l i-1 h i—-l )

(Do +E Y, n+1+ (Dp+E ) my Xyt v+ oo o (Do+E D)y ¥ 34y my¥y

v 22y (2 -_3ilwx = 0 s (L-3Y
h "3 \h /2 . :

where; ij ¥

i
+
N

o

37 0%y

Matrix indication of eqguations (L-1)', and (L-2)' and (L-3)'

are as follows.

_ [.G]{mf’.(}t_'[ﬁ]{'x}z o . o SEREEEE
where; |
[G] ; Coefficients matfix of{m¥} vector

Coefficients matrix of {Xlvector

in}

-

o . . e . 3T
vectori=fmn+l XN+1'mNXN""'miXi""'mlxl} )
o ..
S e N

ey
g
e

——-

_ {X} ; Vector({xﬂ+l,

—}H /9
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Also, Eg. (M) is as follows.

It

py{x + Zgl+ (K {x]
where;

(1]

vibration model for the superstructure of the stack shaft.

wa

~8

~

e

_Eq. (4) represents the vibration equation of a lumped mass

Mass matrix = i

tiffness matrix

(1617111 )

Absolute acceleration vector

(={%+l+%),.;.,ii+§0,.;.,ii+%ﬁTj

Displacement vector

T
(:{ﬁHl,...,xi,,..,xl} )

4

iy
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i .

: ) T o x = 0
Z-mj GRyvZ) Ve (R vZ ) +i, X, = 0]
5=2 [

| ... (5)

Hi‘ :

? no . )

ij (Xj+20 )Hj-;_I_G. G+KR-G: 0 .

i =2

!

' where;
. ) « . horizontal
T H displacement (sway)
Z, y ¢ Sway spring constant
& : rotation (rocking)

(4) Sway and rocking

A stack foundation model is set up whereby. - The spring
constant for horizontal displacement {sway) and rotation

(rocking) are assumed based upon the resistance of piles.

In this case, horizZontal and

j rotation eguilibriums as shown in

’ i
em*;..:di—@ i
]
)

Xy S :
Fig.7 are as follows.

Kr : rocking spring constant
M. * mass'of'the'foundation

rotationary inertia of

b
<@
"

the foundation

Vector {x]} of the Eg. (4) coincides with vector {x'il in Fig.7.

Here, we convert the coordinates of the vector f{ x;}as follows.

T 2D




T

sHEET 98 or 59

Thus, vector {XIof Eg. {4) 1s egual to the vector{xi‘.
[M) { %5+3 o)+ (K) {xy-xy ~O-Byd=0 L. (43"

A second term is as follows.

S & i ------- ()
Ko¥. == K..+X - K.. -H

1 H b N

et M T ool

Oon the other hand, _mj (5<j+io) in the first term of Eg. (5)

coincides with Eg. (0).

13 557 j=

(?:K XL ﬁiK : 13 JG)+ M (%{+zo)+&ix = 0

"Z( i3 j ZKljx —ZK H G)H +Ig- 8+K =0

i=2 j: Jzz

Therefore, by considering the sway and rocking, the fundamental

vibration equation is obtained by applying Eg.(4}' and Eq.(5)'.

ju '

n
m; (x +z J R Z'Kl:] J Z}(ijxﬂ - ZK:L]H] 8= 0
3=2 3=2 3=2

Mg (XytZg) ZZ‘KJ.:] 3 (ZZKJ_]“’H) XH+ZZK13 j@ =0 *rt (P)

3:'232 i=24=2 1=24=2
3 i" 3 (>3
Ig6 - KH+5:K Hox + KHH+K)8=0
8 =
i=23 233 3 5o3im T e G AT /

..(‘5)!

SB4L
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Here Eq. (P} is indicated in matrix form.

[N

' Tr Y [ ' ., (
nT T "?“ """"""" ? ? ? Lty 'r"',nn ““K?L“--i(n R R x,n
~ J 1
~ I o : : I 1 | . : b
1 ] ]
\\\‘ 1 l ; “! . : : : : i ll
""""" mi‘: -7 m? ? ? xi|+zo M- - K --- - X "'EF‘A' —Z"\?H) s
! { ?+ ' ! i . l
“~ N ] | E B y ] ] 1 1
l ~ ! ! t ! i ! ! 1
' O | RV o N '
""""" Om = mm Ty 00, Faomooes Moo K =0 T p! | %1
————— 0-———-=-20 MO 0 S{H sz 2K D - =SH0 o T : %H
~~~~~ 0-=-=-=-=- 0 0 Jgi* @ LK o Tkt - T C 4 Jie
me {0} MR (G)
where; :
a = 5.5 Kij-!- K,
b = S OK,.H,
PIDIRIPLE
c = K..H.
a = K,.H.H, +
2 138y K
Also, we may symbolize Eq. (6) as fol_lows.
M) {% + zo)+ [K){x}= {0} | L ()

S5 Tyt

—
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{5) Free vibration eqguation

The free vibration eguation is derived from Eg. (6} when

the external force is zero.
MI{X} + (X]{x}= {0} B Q)

Eg. (Q) is solved by the following assumption.
{x} = {yy- " 1

(5] = -{y) - w2eivt )

Substituting Eg. (R) into Eg. (Q).

~wiMl iy} + Kl{y)={o}  cteeeees 1
Furthermore,

®Ki{y} = w?oriyy e (s)

Eq. (S) can be solved by the matrix interaction method,

that is, the eigenvalue factor.

Circular freguency w and eigen vector {y} are obtained from
each modes of the vibration.

Natural period of the model gives us the following equation.

. = Zzi'T'-Z ...... e (T

Ty ot ] P atural period

Wy =3 circular freguency .

e

it
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EXAMPLE @
In the case of two mass models as shown in Fig.8.
: t.Sz/cn )
O-mzzo;l . [ 3
- - 0.1 o
Kp=20 ©/ M) =
2 0 0.1
O my=0.18 8/ S SR
X, =30 £/cm 20 -20 1
- [K) =
T ~20 50
Fig.8
—=ufIMT LYY + [K){y} = {0}
20-0.1uF ~-20 ¥1 -
-20 50~0.1w? Y2
by {y}% 0
2
20-0.1 W) -20
, _ = 0
S ,
-20 o 50-0.1 )
4 2
W ~700 w*+ 60000 = 0
: 2 2
.. Wy= 100, W2" = 600
1st ¢ - - 2hm@ Tl:-.z-‘— = 0.628%, 7=2% - 0.256%
2 : 1 uty 2 2
v
2 =2 when w 12=100
Y1
X2 o2 uhen W2%=600
. | 1 2
" Mode shape N

' Fig.9

.\/
L GEE




(6) Forced vibration equation

The forced vibration equation is obtained by adding a damping

- ~

term to Eg.(6).

assuming that the damping factor is viscous damping, we obtain:

the following.

MIET+ (e} + KI{x} = - (M) {2} e (8)

where;
[C] : damping matrix

{x} : velocity vector

Eg. (8) can be solved by the following steps.
Vector { ¥}, {x }and { x}are analyzed as the normal modes

of vibration.

. ix} = S L4y e = {u)
tx) jzs‘lqj 1v5) | -

The same analysis is applied for the unit vector {1} .

tri=5 g5 {¥s)
=1

95 coefficient for jth'eigen vector
{yj} : jth eigen vector
.th e R :
By 3 participation factor

for mode

SP



-

U//)—g‘

1]

Substituting the said vectors in the privious page into Eg. (8).

2 iy ldy 4-Z[§]{yj‘;<ij + 20Kty sbay |
= m{é.()}z“[[{]{yj}/}j .......... (8)"

Next, we multiply the vector {ij"bf the Eq.(é)'.
L * T
2Ryl mM{yshd, * Z[yj\TIC]{Y:-:fzj O REANISIEATY

ﬂ“{EO}'Z{YjET{“]{Yj}ﬂj ...... (g)

We obtain the following from the property of the matrix

M) and [K].

. ) =0 (rss)

b (M) :
{Y } {YS} {-¥ 0 (r=s)
P ' { =0 (r=s)
fvo) mo v | co (eee

By assuming that the element Crg of matrix [C] can be

disregarded, we obtain the following.

{rxs)

T—
d
o

c _ .
tve] [‘].{fs} % 0 (r=s)
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Rewriting Eq.(8).:

q. + 2h. W.q.
_-..qj [P j q

where;
W5 ; circular frequency
W= i
J K4

hj ; Damping;faétor'

h, = -——-———EJ--—-
J ZI‘ljUJj

=
il

Hy {Yj}T {M]{Yj}
. { T .

3 “ {Yj}T {CHY:}}

=
I

P
|

The solution of Eg. (%) is as follows.

t

Wy

.. “h.uf (€=T) —
g. = = m——— z {Z)e 33 sin{fl-—h-2 -(t“i)}di
30 N J' 0 J w:]
¥ 1-ny o

The integration of Eq. (V) can be solved according to

AR
& :
Newmark's ,AS-mothod or other methods.

w2 . - :
593 WWit Ay E T Egfy

------

ce V)

SEE APPENDEX - B

P.71. Eg.(2), Eg.(3)

(B

j}z:

L,

&
St
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The displacement, velocity and acceleration vectors

as response values are obtained as follows.
m
{x}= Zf&g}_/jj 90
J..‘:

{x} = Zm{*’jl/i‘j 0

j=1
. .
wl = Y
{x} j.—:iy?;‘/?:‘ ERT Ceaaee (10)
m
{30}= .Zoofl} = Zp Z{Yj}ﬁj
. j=l
L) LR m . * 2
{x+z )= “j;{yj}/‘,j {2hjw§ %50 +u.%qjo}
‘./ L) " t
s qjo-i-zO ='—2hjquj0—w§2qjo

From a response value of

R e S

one mass model

NOTE: Egq.{10) in Chapter 4.3 of "Dynamic Analysis" contains

the following typing mistakes.

Original l ‘Correction
g, a,
3 ‘ jo

Za
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§1  GENERAL
1.1  OUTLINE OF BUILDING

1) Rame of building

 ADMINISTRATION BUILDING

2). Building dimensions

(1) Building area : 633.75 m?
(2) Total floor area : 2577.25 m2

Ground floor area : 633.75 m<
{3) HMaximuam building height : 21.4 m
(4} Building volume storey : 11077.95 m3
(5) Number of story. o 4

3) VWeight of building

Superstructure ‘ :  4630.03
Substructure _ : 1022.45 °©
. Total weight . :  5p52.48 b

1) Géneral design conception
Design calculation to be analyzed as rigid
frame with taken design rigidity of foundation

girder in to considenation.

Stress analysis to be used by Electric computer

with stiffness matrizx method.

AL L




5) GENERAL DRAWING
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ADMINISTRATION BUILDING
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1.2 APPLICABLE CODES AND STANDARDS

1) For design and allowable stress of structural materials

Reinforced concrete“structure
AIJ : "Standards for calculation of reinforced

concrete structures"

Foundation
AIJ : "Standards for structural design of building

foundation"

* AlJ @ Architectural Institute of Japan

1.3 STRUCTURAL MATERIALS TO BE USED AND ALLOWABLE UNIT STRESS
1) Qualities of materials
Concrete ; Comperessive strength of 28 days

Fc = 210 kg/ch

"Reinforcement ; Deformed reinforcement
ASTM A615 Grade 40

fy = 2,812 kg/fcm?2

2) Physical constants for structural materials

Modulus of elasticity

Concrete 210 t/cm?

Reinforcement 2100 t/cm2
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3) ALLOWABLE UNIT STRESS

i) .Allowable Unit Stress of Concrete (kg/cm?)

r;

stresses Permanent Stresses Temporary Stresses
_ Comress | Shear Bond Compress | shear { Bond
Materials A B C '
Normal Plain bar S| 8.4112.67 B. 4} Permanent ! Permanent
concrete |Deformed 70 7.0 Stresses| Stresses
Fc-210 | bar 14.Q2L.0a.01 %% x 1.5
*  Remarks A ; Top bar of flexural members
B : Bar, except "Item A", of flexural members
c o Anchors and lap splices
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
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.4 LOAD COMBINATION

1) Load cqmbination for steel and concrete structure

Long term loading

‘i) D.L+L.L+M.L+C.L

Short term loading

i) D.L4L.L+M.L+C.D+W.L

ii) D.L+L.L+M.L+C.D1S.L

where;
D.L i Dead load
L.L ; Live load and over burden load
M;L : Machinellqad
C.L ;  Crane operation load
C.D.L ; Crane dead load
W.L ;7 Wind load
S.L i Seismic load

Y
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SHEET OF
1.5 DESIGN LOAD
. - |
"DEAD LOAD (1) '
(B = @ ) , ' ‘ :
ROOM NAME | FIGURE MATERIALS , WEIGHT ; TOTAL
bR LOCQATIONl {mm). (THICKNESS-mn) (kq/m2) (kg/ma) |
| CONCRETE Lok (30N T e |
ST T3, [SAND (30), 60 :
ROOF LIRSy oy 1 INSULATION T (a) 5 :
Ny 4 ' 120 !ASF‘HALT ................ TR :
B A |, W/PROOFING 7 (20), 507 |
| CEILING (CONCRETE SLAB _ (120), " '288" i
\ CELLING . 15 ;
| ! i A58 1 —460
Crarrtir e A s n ey _".' .................. i ............... i
CTERRAZZO BLOGK 5 . E )
. . i AR iy LEINISHING - (70) 140 | !
FLOOR 7 4 (CONCRETE SLAB _ (130) 312 | E
_ / // CEILING i ........ 15 |
L | , |
] _ : U S [P |
pCEILING ... AB7 =470
................................... I
‘ ; !
R . ZMOSAiEIZTIIﬁLEZZII}I'IZﬁIﬁIﬁI_I'.ZZIZZZ':II_'I'..‘ |
A A A “20 FINISHING. . ...~ (8OX...... 160. I
REST ROOM - ASPHALT..... ... SUUTU RTTRT i
SHOWER ROGM 7 _/ / : 130y |- W/PROQFING:.:.....(20). .. .. 20.. !
, - . CONCRETE . SLAB. ... (130] ....... 312.. 5
/ CELLING CEILING. ..o b 15 i
0T e | B7. =520 ]
! ] :
T USSR fooerinn j
. TERRAZZO. . BUQCK. ... IO cd
_ FINTSHING............. {B0%......100....| !
STATIR CONCRETE. .SLAB.... (200)......480._j
| !
e i :
: _ @RTAR_...._....._.._....(.3Q) ________ 60....{ E
: : 36 |.CONCRETE..SLAB.. (150) . .. 360 . A
lF ; o // / '50 .................................. | ’ i'
i o 24 ; b e e e T 420 =420 .
FLOOR = - ; % l 1
| ' o b oo o :
MACHINE ROOMD- - oo !
: ] ; | |
o _ e e i R T i !
— R ..CQNCBETE..SLAB....(?QQ?& ....... 480 | !
SN / | // | 200 i CONCRETE S1.AB.. {130).. . 312 i
ELEVATOR © 1 : / /// : PCELLING b AD i
S // e .....807 .~ 810 |
ROOM - CEILING b i et et it e e e, i ........ - .. ..... i H




SHEET [0 . OF
DEAD LOAD {2 )

BEEEY L
ROON. RAME . FIGURE MLTERIALS WEIGHT | TOTAL
bR LOCATION; (mm ) (THICKNESS-mm) |(kg/m2} l(kg/m2)

I . i R |
| CONCRETE. .. . . (150)... . 360,
! MORTAR

CONCRETE S EXT .. (250 . 50 .

waL L A2 e INT (25) . S0 ““]

150 F W R e 460 | |- 460
i 150 R UTUUTURTUTR UL RRURTTNS ISUTT
i 2 5
{

. CONCRETE

WALL

180 —~ 535
|

CONCRETE

BLOCK |

WALL : |—=300

1

|

CONCRETE
WALL
200 [—580
PARAPET
l-=370

[

S f-

i

B2
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SHEET

|2

CALCULATION OF THE WEIGHT OF COLUMN, GIRDER OR BEAM ( )

IR

SRR o B WS )

5 N N

FIGURE WAME FLOOR| SI1ZE (mm) W (t/m) T W REVARRS
s B _ ' D CONC. : FINISH | {t/m) ;
i i S ¢ SRt S
: | ) S B
- | - {coLUMN 500 ¢ 500 | 0.60 : 0.20 ! 0.80 g
o | 550 | 550 ! 0.73  0.20 | 0.93 !
- | 600 : 600 | 0.86 : 0.20 | 1.06 ! |
i 700 . 700 g | ‘i
[ 00 0 700 | 18 ¢ 0.20 | 138 | J
I I i l
THICKNESS ' L . 5 -
N OF ! - . o ' i i !
i airoer! 350 § 600! 0.50 Lose o
£ =25 an 350 ¢ 850 | 0.55 0.55 | |
UNIT WEIGHT OF o T :
FiNISHING 350 i 700 | 0.59 0.59 | :
= t : S A :
" /m3 400 ¢ 750 | 0.72 0.72 | %
! 450§ 850 | 0,92 0.92 |

N : § e
N 400 | 900 | 0.86 1 o088 | |
GIRDER ' : 1 :
| ; -
|BEAM 300 : 550 | 0.40 1040 g
i 1 q o i 0.50 | i
| | 350 1 600 ! 0.50 | 050 | |

| 350 : 700 | 0.59 ' 059 |

i 450 900 ! 0.97 1 0.97

| L i i
i | 5 s i

! l |- i

l ! : i i

i i i I i

| 5 ! :

i i

] e

I i

P i

| | — '

| ! B i

H .

NOTE: NAME —-—-— COLUMN

. T SRR
. GIRDER, BEAM OR UNDERGROUND BEAM

SPECIFIC GRAVITY OF REINFORCED CONCRETE IS 2.4 t/m3.

\
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SHEET

i3 oF .
SEISMIC LOAD
(WEFHFED '
ITEM CALCULATION j
ZONE FACTOR (2Z) 1 Z = 1.0
L _
STANDARD SHEAR
COEFFICIENT (Co) Co = 8.1
GROUND CONDITION (Tc)p Te = (.65
i Bard . Tc = 0.4 i
i Mediunm Tc = 0.6 |~}
| Soft S Te = 0.8 ] .
DIRECTION * DIRECTION . Y DIRECTION .
i ({ : { )
NATURAL PERIOD
OF BUILDING = 0.344 ST o= 0,344
L {T) :
Heigh h= m Length ©of Span D= moj Lengih of Svap D= m
F=(0.03%aq +0.02) 0] = 0344 0 = 0344 e,
I=0.05%n/4./ 00 e TSR USSP
:h/']O . ’ = T z=
| CHARACTERISTICS OF
VIBRATIOR OF Rt = [.0 Rt = L0
_TBE BUILDING (R%) T
2 | 7 . Rt i T R%
RE=x e oo b= Lo b =00
............................................. TC | T s
R¥=2150.2%(T/Tc-2) 72 ) For i) e
........................................... 2 e T e T R e
Rt=1.6%Tc/T ! j = =
2% T/(1*3*T) |= 0.339 = 0,339
SEISMIC LOZD
FOR EACH FLOOR
{Q3) : : - : i _ :
I STORY jWi. 1 ¢ 1 |21 [Ci | Qi Wi j e i Aj Ci_ 1Qi
4 1801.1810.18511.72410.1721137.801 801.1810.185it. 72410.[72{131.80
3 1923.500,44441,35710.1361261.5901923.5H0.444 11 .35710.1361261.59
7 CBO7R.240. 711116010, 1161357.0713078.240, 7111, 160i0. 116i357.01
L 4328.16011.0 11.0 10,1 432.8104328.1601.0 1.0 0.1 143281
n = : : : _ i
1 ] i i i
: . i 1 ] 1 I
i ! I l ! i
! : i P - |
: _ R P ' [ i | |
HOT=:- a -—-—.KETIO OF sz BEIGHT OF WHICE STRUCTURE 1S STEE
o . AGAINS T T;:'BUTLDINC KEIGET h :
a i = Wi/T W
Ei =1+ (1/J @ ~ a d)* 2”*1‘/('l + 3’T)
Ci = Z*RL{TRAI*CC
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DESIGN OF SECONDARY MEMBER

2.1 DESIGN OF BEAM 4
i~ tm im t
NO | SPAN, LOADING CONDITION C Mo Qo Hember
7 LWz
1%
Bl | &5 oy 2572 7.93 12.18 6.37
W = 0,64 t/mz
Wy = 0. 40 t/rh-
R — —— .
\J ) o0 39
_ _ Ay, 25/1 5.0 23. 12
5
B2 6" w = Y ?/m?'
wz = g8 le
Wi a5« 23+ o050 = 149 t/h-v
| - . ..___gu_...-,..,m -
N . 4"0/2 .
N 2 € 2.7 19,83 10,97 |
wy = 0 %o Ym"

Wz = 0,3F4,0 + 0.50 = }70 yfh-

P
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e

AFEC

RFL
. W,
NSNS\
W, - Ba B B B - By
i 6.5 } Iz | £.5 | .5 X 6.5 |
Wy = 0‘64 ym.z We = 0\40 't/m
17c= o.38
b}c:ri.b? 'fCﬂ‘Bzc.:?.sz
Mo~ 0.85C Mo- 0J5C
= 5_‘15 o= Q‘IT
] 11
(556> (700)(628) (£33
3,4 FL
o s | _
w, B e b Bb ES

t 10.“3 . q.bﬁ

(qq'g ) . CHE’B) (10’53) (10‘58 )

25/%
yoCc= 7,82
( Ha= 12,23
Ca - 428
_2\5/2
4.0/2
170 Y.
e R4
. :Ho“-‘ -1({.05
Q = \0‘58




_2F.
2‘3/2
/U 4%/
Bs
w = 065 Y2 W= 000 Y Wz = 0349« 0.50 =
267 535 271 1 c - 'D_»;q
I‘_\‘ ;lk ;I} (Ho-f 19 51
T 30
g 097 _ Q 10.
1 1t
1.52)  (y38) (e f0) L(ro.f"’)
| F
Wz
NN L2
#X __/\___/ 35%/2
) Bq Bio Bq :
| 6.5 ] ¢5 1 4.5 i
Wy = 0.72 sz ’A}z = 15_0 + 0‘5? = 2‘0? V""\-
g 8! 1267 18,69 1468 C = 4.9
( Mo = 97.3b
|2‘8] ”‘34 Q = lz'qq
1 111

(192 ) (i385) (24Y)  (28Y)

170 t/m

8/

o

e
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0

&

g S 447
oI A

- 7,87 2,92

i} 11 1
£8.30) (izA0) (gB80) (370 )




SHEET |8 or
DICISION OF BEAM SECTION ( )
D2 B HE SE ] '
NUMBER Bl B2 . B3 B4
LOCATION | £ | C_ ! E | E ' ¢ * E | E ¢ + E i E C ‘E
b« D (cm) 30 x 5t 35260 . ¢ 30 = 85 ! 35 * 60 .

d () (cm) 48 (429°) | 53 (46387, 48 C42°7J 1 53 {46,397
bxd” 2({cm3) | 69120 i 983158 : 69120 ., 983/ 5 -
M o(tm) G406 46 ;900 3.0 . 4.6 : 938 ;779 7.7

L L %40 i 7,75 : AL , Di5.28
Q_(t) 6.37 ¢ 6,37 [12.37 12,39 [ 5,56 L 2.90 {1097 0.7
e L L B L I L L R
Pr o (%) ; ; o '; '. : : o
i : : , D120 ! : : : B
at {cm2) § 0k : 0. 37 . F 597 ¢ .94 9.9
_ EE/ALE izt : 8.85 ¢ ; L1762
A C VP | 1.8 ; 130 1 1657
n
' mln at{cm2)
. Q/bj 5 ob 7.63 5_56 6,70
1 Pw (%) g.29 jo.22 . 6.20 i p 20 4
STIRRUP o3 @ 200 U3 @0 | 0 A3 @zoe 0 #3 @ 200
MAIN BAR [U3-#7:2 - &} 3- 713~ RT¢ 2- BT 2 WS- #1i3-H]5-wy:
LiZ2-%7:5 -ny 3- 8716 kT - BT 3-RT3-WTi3- %7 5-%7!
| : SEH S St (i e e I e
| RE-BAR ‘ : : !
ARRANGEMENT, : : | _ | _l
NHITRIE R AT ! E/I\l 3 j
NOTATION: b,D -—- WIDTH, DEPTH OF BEAM
@ -—-- DISTANCE BETWEEN TENSILE RE-BAR AND COMPRESSION END
jg = (1/8} x d
U,L --~- UPPER SIDE, LOWER SIDE
M,Q --—- BENDING MOMENT, SHEAR FORCE
Pt —--- TENSILE RE-BAR RATIO; = at/(bxd)
at —-—-~ SECTION AREA OF TENSILE RE-BAR
% -—-- REQUIRED CIRCUMFERENCE OF MAIN RE-BAR; = Q/faj
fa —-- ALLOWABLE BOND STRESS (t/cm2)
n --- REQUIRED NUMBER OF MAIN RE-BAR
Pw —-- STIRRUP RATIO: = aw/(bxX)
aw,X ~-—- SECTION AREA OF A SET OF STIRRUP (cm2), PITCH OF
STIRRUP (cm) :
MAIN | i D16 ) D19 | D22 D25 | D29 ; STIRRUP | i D10 j D10 1Dlo Dlo
BAR 2 {3.98 5.74;7.7410.1412.84; - '@200.@100,@200 #1506
at 3 :5.97,8.6111.,61115.21{19.26; Pw 30  0,2370.3160.4230.564
(cm2) 4 ]17.9811.4815,4820.2825.68; (%) 1 35 D.zosb.z?op;asaptna4
5 ] 9.9514.35119.35[25.3532.10 40 | - ©.2370.3180.423
6 1N1.9417.22[23,22i30.4238.52} . 45 - 0.2100.2820.376
(7 [13.9320.0927.0935.4944.94; i 50 ~ 1 - 0.2540.339]

3//'

N .'&{n.ka‘.
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SHEET |9 oF
DICISIOH OF BEAM SECTION ( )
Lh2 ol Es E ) ' -
NUMBER i 85 : B6. . ; B7 . g8
LOCATION §E T 6 T B . E ¢ " E VT E ¢ " E [ E ¢ E
b %' D (cm) 35 = 60 ' 35::60_-, i 35 x 0 . ! 35 » 60
a4 [J] (cm) | 53 (432 ] 53 (44, 391 .__53 {4638y 1 83 (44,33
P bxd " 2(em3) | 3}3:5_ i 98315 _ 98375 98315
"M (tm) U 7.4 4.9 2 AT 1.4ﬂ 7.67 - 5.35 4 12,79 2,79
: ;U . 1093 7 19 68 TR L ' 992!
Q (t) - ‘15435 1,73 p.58 i 10,58 | 9.8 -~ 71,98 | 10,80 /0,85
C=M/(bxd“2) : 5 ol er i
N (kq/cms ) 7.62 3”'11 15.2% |,;;1_7’GE ql85 1 1. 80 1. 39 : ‘5 614 130! 1007
1 Pt %) i g | & :
- 3 : e : | e - .
at  {(om2) ) gbd 1 L0 g %0 ] : i 8.84 N ;9_‘?-8| 175 :
WX IRLE 12,9 Y RS
v (em) EXIAN XS 13.95 11,63
n
: min at{cm?2) . T o
19/0]. . 7.23 V452 ~7.3% | 5.93
| Pw (%) C @.20 | 9,20 ) : T 9.20 | p.20 .
STIRRUP N3 @ 200 - : #3 @200 i O#3 @200 0 #3 @200
MAIN BAR p\s R7i3- WS- H7i5- % 307 43~ B7 3-n7 4-#1716- 073~ 01
I3 - *.174 Mt} ﬂ74 tria #7 _ .I3 117_4 #74 ﬁ? 4—#734._1;75:
i Sy 1B 5;1 i 7 ¢ : 1{:_ : e =l
{ g T EE [ |
RE-BAR . : i : 4| K
ARRANGEMENT] |} - : | : [ BB
n\“__u_i'L!L;_ : !'! R |
MOTATION: b,D —-- WIDTH, DEPTH OF. BEAM -
d. --- DISTANCE BETWEEN TENSILE RE-BAR AND COMPRESSION END
i --- (7/8) x d
U,L --— UPPER SIDE, LOWER SIDE-
M,Q —--— BENDING MOMENT, SHEAR FORCE -
Pt --— TENSILE' RE-BAR RATIO; = at/(bxd)
at -—- SECTION AREA OF TENSILE RE-BAR:
3 ~-= REQUIRED CIRCUMFERENCE OF MAIN RE-BAR; = Q/faj
fa -—-— ALLOWABLE. BOND STRESS (t/cm2)
n --- REQUIRED NUMBER OF MAIN RE-BAR
Pw ——- STIRRUP RATIO; = .aw/{bxX}
~aw,X -~-— SECTION AREA OF A SET OF STIRRUP (cm2), PITCH OF
STIRRUP (cm)
MAIN | - 1:D16°]:D19 | D22 .1:D25 | D29 | - STIRRUP 'inzo |D10 uDla D13
BAR 2 .|'3.98 5,74; 7.7410.1412.84 "~ - ;w200.w190 8200, #150
cat p .. 3 5,97/ 8.61111.6115.2119,26; - Pw | 30 :0.2370.3160. 4530,564
{cm2)~'.4 7:9811.48{15.4820.2825.68 . " (%) [ 35 0.2030,2700.3630.,484
|5 1 9:9504.35[19.35/25.3532,10;  L40_ | - 0.2370.3180.423
1. .6 111.94i17.22123.22i30,4238.52} . '.p45 -~ 0.2100.2820.3178
L 7 13.9320.09127.0935.4944,94] | 50 | = i-- 10.2540.339]



SHEET 20 oOF

DICISION OF BEAM SECTION { ).
N o) 8 5E ] _
NUMBER BY B : ,
LOCATION |_E - G i E | E °© € * E | E C { E | E_ ¢ E
b x D (cm) 35 %= 70 35 « 7o . ‘ : v
3 [ (cm) 6.3 ( 55.13] 63 (58197, N
bxd~"2{cm3) 138915 i J38?l5 . i
M {tm) U 896 117,63 1 14.69 : T4, 6‘! ¥
' L D17, 87 i Dil.34 - !
Q (%) {13 L1385 112.4q'5 T 43 i
C=M/(bxd~2)} | st : T g :
(kg/cmz) | 64 11250 11247 [0 T 8 h | }
Pt (%) i :
{ :
at (cm2) | gé% 77.10 119,25 : I 'I- —
| 17,33 | 11,00 }
i {cm) 17.94 16 18 i
n
min at{cm2) .
Q/bj. 708 1 .47
Pw (%) 0,20 ¢.2v
STIRRUP. 0o #3 @ /50 0 3 @0
MAIN BAR U3 H7:9 -7 5-w7i5- 97 3-97: - i R
Lig- n7:5-87:3-w7i3-wpd4-Wy: | N
SEIE :hlf [<V7 ) — _1'-—1
RE~BAR .
ARRANGEMENT A
- 1 L } 11 I
HOTATION: b,D ——- WIDTH DEPTH OF BEAM
d —~~- DISTANCE BETWEEN TENSILE RE-BAR. AND COMPRESSION END
j -—— {(7/8} x 4
U,L --- UPPER SIDE, LOWER SIDE .
M,Q -~- BENDING MOMENT, SHEAR FORCE -~
Pt --— TENSILE RE-BAR RATIO; = at/{bxd)
at -—— SECTION AREA OF TENSILE RE-BAR
% -—— REQUIRED CIRCUMFERENCE OF MAIN RE-BAR: = Q/faj
fa ~——- ALLOWABLE BOND STRESS (t/cm2) :
n —-—— REQUIRED NUMBER OF MAIN RE-BAR
Pw ——— STIRRUP RATIO; = aw/(bxX) :
aw,X --— SECTION AREA OF A SET OF STIRRUP (cm2)., PITCH OF
STIRRUP {cm)
MAIN : [ D16 | D19 | D22 { D25 | D29 | STIRRUP |~ | D10 {DiQ | D13 | D13:
BAR 2 |3.98 5.74; 7.7410.1412.84; : - @200, @150, 8200, 8150
at 3 ;5.97{8.61;11.6115.2119. 26 Pw ‘30 0.2370.3160.4230.564]
{cm2) 4 17.9811.4815,4820.2825.685 {%) ! 35. £.2030.2700.3630.484
5 |9.9514.35019.3525.3532.10;° - A0 |~ 0.2370.3180.423
6 111.94/17.22(23.2230,4238.52] : Lﬁs [ - 10.2100.2820.376
| 7 [13.9320.0927.0935.4944.94; - i 850 - - !‘- 0.2540.339|
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DESTGN OF SLAR

- CALCULATION SHEET (SLAB) 21
CSIGN S| |
- DIRECTION ~ SHORT. LONG
POSITION END CENTER END CERTER
£ {m) 3, 2F ' )
A : 2.0 : 3.0
x 0,083 | 5083 0,057 ] p028
w (t/ o) 0.288 + 0442 - 073 0,13
M (t.m 0. b% | 0. 44 0.22
t (cm) 12 12
d f(em) B , 0
at (el 406 > 60 304 157
13, %4 @200 36 200 53 @ o0 *3 @00
REINFORCED
CONCRETE
t=002y 20 OPb) () 4502 . 225), o
=10.b7
REMARK :
SIGN - - | , - S2 L
"DIRECTION ~ SHORT = LONG
POSITION - END | CENTER END CENTER
2 (m) 4.0 (3.675) b5 (08
2 1025 ) b7) - 1625 (1,67)
a 0077 | 0. 049’ 0,057 0.028
W (4 ) 0288 + 0492 - 13 | 0.73 |
N (tm 072 | 87 pbb | 033
t (cn) 3 I '
d (en) R o R
at (o) 58% ;b2 4.7] 2.3b
REINEGHCED n3, 84 @150 3@ |50 #3 @50 3 WIse
“CONCRETE - | |
{ =002 Y(_ﬁ 06)):(11 It?o%+3-*b15)x_,57‘3
- = 12,06
REMARK




CALCULATION

SHEET

(SLAB) 22
SIGN _ 83 )
DIRECTION ~ SHORT | LONG
POSITION END CENTER END . CENTER
£ (m) 25 b5
pi 2.6 _ 2.b .
o 0,083 | 2.058 0.057 | po28
w (1/ o) 0,288 4 pa42- 73 | 0,73
H(t.m) 0‘33 | 0,25 0 2b 013
t (em) 12 ' 2
d {ca) q 8
at (ed) 5.4 .59 1 8b p.13
- 13,14 ® 200 #3® 200 3 @00 #3 @200
REINFORCED
CONCRETE
t;D‘Dle;ilﬁ%%)x(‘f?g—% ;ig) %250
= $.0%
REMARK
SIGN Sq
DIRECTION SHORT LONG -
POSITION END CENTER END CENTER
2 (m) 3.25 b
2 2.0 2,0
a 0‘083 | 9‘053 o, 087 ] 0‘018
w (t/ m) 0,324 g b4z p $52 0952
A (tm) 0, 83 | 0,53 0.57 | 0,28
t (cm) 3 13
d {cm) ¢ § :
at (cd) 5,27 3.37 4.07 © 3,00
£3, 54 @150 1§34 @\So #3 %4 @150 #3.84.® ko
REINFORCED :
CONCRETE
tzo'ol"(%) (‘*\noo 315)"325
=11, 86
REHARK

IhE

Pl



)

P

CALCULATION SHEET (SLAR) 23
SICK - | Sg "]
DIRECTIOR "SHORT LONG
POSITION ERD CERTER ERD CERTER
£ (m) 3,28 b
2 . 2.0 T 2.0
- 0. 083 - | 0083 0.057 1  ob2®
w (1 m) C0.312 4 p 4t o 752 0,752 _
M o(L,m ~p,bb | 0, 42 X 0,22
t {em) 13 ' 13
d " {cn) 9 8
at (cd) KNS 2.67 321 .57
o #3.84 6 200 #3 @ o0 #3 @200 #3 @200
R ONCRATE - o a
1= 002"(2 07) O*ioooﬁouo *325
=10, b5
REHARK '
SIGN , Sg
DIRECTION SHORT LONG
- POSITION |- END . CERTER END * CENTER
£ () 4.0 b,S '
2 1 b2 628
e 0.077 I 0% 0057 | p.028
w (4 W) 0.312 4 0 38 = p 692 pb¥2
Bo(tm) 0.87 . I : .D\Eq' o‘bS i 0.3
e = TRECREE
d () ¢ , g _
3t (cd)” 552 343 450 ' 5.2t
o #3. 14 @150 #3941 | #3. M @pn #3 %4 @IS0
© “REINFORCED > S -
CONCRETE
b0 :ﬁii-‘;,j’) (i ) aon
D‘%S
- REMARY '




CALCULATION SHEET (SLAB) 24
SIGK. - | Sy | )
DIRECTION SHORT LONG
POSITION END . CENTER END - CENTER
£ (m) 4.0 (3,b75) b ( pI5)
2 1,625 (1.67) N2 (1.67)
o 0.079 | 0. 049 b 057 i 9‘023
w (t/ o) 0. 312y p 4% = pIS2 - 0,751
B (tm) 0.95 | 0,51 0, bt | 034
t {cm) 13 13
¢ {cm) . 9 g
at (e 4,03 375 493 2,43
#3. .84 @ 15 43 @i . #3 @150 £¥3 @5 -
REINFORGED
CONCRETE
4= gozxcwm) Q %+fg§)xgb7‘s
=12.9%
REHARK
_SIGN - S8
DIRECTION SHORT LQNG
POSITION END CEXTER END CENTER
£ (m) .5 b, > |
y; 2. b 2.b
o 0,083 1 po&4 p0S7 i po28
w.(t/ ) 0,312 4044 = 0,752 L0782
B (t.m) 0,31 I 0,25 0,27 AL
1 {cm) 13 i3
a (em) g 8
2t (o) > 48 |59 AL .93
CEINFORCED %3 @ 200 w3 @0 |#3 @50 43 @ 250
CONCRETE '
1= ODZxG)b"”[']& (Hme%%%)uso
= §.03
REKARY

o

£y

T
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CALCULATION SHEET (SLAB)

25

SIGN Sg
DIRECTIDK SHORT LONG
POSITION EXD CENTER ERD CERTER
£ (m) 3,25 b b
2 2.0 2.0

a 0,083 |- 5083 p.O5T 1 o028
w {t/ ol C03b+ 0,56 < p 2 0,2
H (L) p. 8l E 0,52 0,55 ! D27
t (cam) & 15
d {cm) N 10
at {cd) 4.2t 5,70 34 154

#3. ¥4 @200 W3, 4 Q20 | B3 @ 200 3 @ 200
REINFORCED . _
CONCRETE

1= 0,02 221%"_%1) x(\+%o%+%)x315

C=11,38

REMARK o

SIGN . s
DIRECTION SHORT ' LONG
position | ERD CENTER END CENTER
£ {m) '

g

e i
w (t/. ni)
B (t.m) ]

1 {cm)

¢ (ca)
a2t {(cd)

REINFORCED
LCORCRETE

REMARY.
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§3 DESIGN OF FOUNDATION
AXTIAL LOAD

Tt

®—
O
®—
®—

(81, 4b
Fz

232.%¢ 222, 268.9% 25883 144 .25
F3 F3 k2 bz F4
P m P @
254 06 289,17 258 4 735 53 250,13 20775
S L N o e o
2638 27.27 2407 252 01 22209 194 oo
Fz Fa ! Fz }fz b3 ! Fs
B4 3 ﬁ § H
17922 IR 217.72 2170/ w7 74 /%7.°0
F3 F3 ¥F3 F3 F3 ks
55. ______.EE————-E}H——————E}——*—-PB .
' 29.33 2933
@ Fu 7 u
';q_zb 1924
LI L

;.,//

R
P

i



207y

21

DESIGN OF FOUNDATION
QUTLINE OF FOUNDATION Fi . CHECK OF BEARING PRESSURE __J
¢ - Pile { 44 @ 200) ] . .
Rg, i 7(;05 w6 @ 200 Check of Pile Reaction ;
" o= 364,30 /6 = 6072 Yoe < 65 6.
1A
=3 : A Pi'=335 /6 = 559 Ye
i) I O (: i_ Qi? <+ I : . . l
= 2 ) 3 -
o ¥ . l—] - || DESIGN OF FOOTING
— 1O (g
' 2 6501 140D | 1400 (b5 :
e ' G} Ractored  Load 1 Pile Reaction
]
o _ - Load case ZN ZH P1 |- PI
ol & . , (W m [ {t/n) | (t/n)
- 3 l N J D.L+ L.L 335,53 | ——— | g0.72 | 55,70
' | | - DL+ LLAHLL
L4 o0 ' 11 DL+ L.L+S.L
Foundation weight : ' D.L+ W.L
NE= 20« 4) c21x13 = 28781
LOADING - o | l 14-03fz2 = 125
- : Stress L’jN '
R | He (1) | Hy (B gf = 5599 x 2 = .80 F
1 MR - 1.8 4 105 = 1.3 "
LL |/
S.Lx : Reinforcement _
-~ 8.ly ' ' : . D=10o0 cm, d= 85 om j =7/8d =74 .38 ¢y
H.lx ' up . '
' : nec At = —————— =gqgdo 2V 2/~ #8 |
H.L : . ft- ] _ at‘f°7., u:) :
' 0 o (¢=/55’,"m
S $ = e =715 ]
Stress at bottom of foundation fa* j -
N= 53, 78 - 3t . 2 . -
o 33_5 : 23 b ot T = ——— =557 Ky 2 (70 K0
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DESIGN OF FOUNDATION

OUTLINE OF FOUNDATION F 2

CHECK OF BEARING PRESSURE

%C_‘Tﬂfzﬂe (40 2o0) Check of Pile Reaction ‘
' s Pos 3230 /s = 4297 Ue 4 65
: ~ 2 Pr'= 289./9/5  ~ 518 e
3 O o Ol 47 |
M~ ) 3 i o
! _ - c;-: o« DESIGN OF FOOTING
O Q| s IS
1090 | loo0
égg‘i*i"%lg;d_;l Factored Load Pile Reaction
. ' Load case LN &M PL | PI
ol 8 . €3 (tym) - | (&/n) | (t/n)
o ) - -
o B[ ] DL+ LL 28019 | — | 42.47] 57.84
I ' | D.L+ L.L+W.L
Vo300 B.L+ L.L+S.L
Foundation weight DL+ W.L
Nf:z 20233 .27 <33 = 231 ¢
LOADING | [_,f\ 10- 07/7 = p.65
Stress -
N | o @ | Hy () OF = 57.84 + 2 - 568t
1 D.L 289 14 [ . .
. ) HE = 115.68 « 045 - 7677 *tm
L.L /
S.Lx Reinforcement _ 7
S.Ly D=100 cm, d= 85 cm j =1/84 =74.3% cn
. Lx il N
" nec At = : = 59,06 .2 19- %7
WLy ft : [Qt’?&sj.r“s);
g ¢=133.°Lm/'
¢ = = 74,06 . :
Stress at bottom of foundation fa. )
N= 289014 317 = 32387 8 ' B :
T e ———— 2 57b K8 2 < 7O Y 2
H - i b* j ' :

“e s
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DESIGN OF FOUNDATION

* QUTLINE OF FOUNDATION Fq- CHECK OF BEARING PRESSURE
RC - Pile G- _ Check of Pile Reaction
4 - 700 19~ 8k
' : Po= 25070 /4 = 2% Ve < 45 Y
T00 A F00
r-. ‘J“% — Pl’= 232'84/4 = 58‘2’-"/'_’.‘]6
T P s
r | S| 2|0 | DESIGN OF FOOTING
o O a - o 3T L
' 700 | 700
s5D I  ¢50 : | Factored Load Pile Reaction
' “ » Load case ZN | ZH Pl PI’
3 5; o _ (1) (tomy | (/) | (/)
tn !
I S D.L+ L.L 232,84 — 142,95 | s8.2!
} E | | DL+ L.L+HW.L
| 2700 DL+ LL#S.L
Foundation wéigﬁf ' DL+ KL
Nf= o0 .42‘7 «21 ;. 13 = /5‘95' T . | '
: ' ' T .
. # _
LOADING - . L4~ 07-07/2 = 03
-+ Stress ' -
- _ . _ )
N | Bx () | Hy (D 0F = 5820 x 2 = up ¥ T
1oL |yzs2.8 [ | | |
______ml HE = o 42 « 035 = 4075 Lo
Ll |l ‘ |
S.Lx . Reinforcement
S.ly . D= ?C) cm, d= 75 cm, } =7/8d =5S}636m
H. Lx | HF o
- nec At = ———— = 3320 2
H.Ly fe 3 1945
. . g (a-tujg'ocj
. ¢=?5.O (459
- . 3 ¢ = ——— =544
Stress at boFtom of foundation fa-r j -
N__: 232‘84 + }8.?5 = 25]‘7? t } Q . o .
R - 5T K8 a < 70 K
n = P * ) ’ ' .




DESIGN OF FOUNDATION

Foundation weight

NE= 90252427 -0 122 ) x 13 = 547 ¢

QUTLINE OF FOUNDATION Fa CHECK OF BEARING PRESSURE
- . 4 & to ;
IEC— 7opc;)e (::5 @ &o:) .Check of Pile Reaction . .
' I‘égfrzgf_)_ 700 450 Py = l8?.4ﬂ /3 = 6o 82 t/p‘.?e< 65 t/P'.]f:
I Pa'= 7.°0/3 = 5567 Uy
-~ Q
gJ 82 ,
1 ol ®
ol DESIGN OF FOOTING
T oo w 700 \IE ) . ’
Factdred. Load Pile Reaction |
" Load case N ZN L P Py
2 3 . 1)) (t,m) | (t/m) |} (i/n) :
28 L | DL+ LG 167901 — | ¢0.5% | 55,67

D.L+ L.L+W.L

D.L+ LiL+S.L

LOADING

N (| lix (O Hy (t)

167,99

- DL

L.L /

S.Lx

S.Ly

W.Lx

W.Ly

Stress at botiom of foundation
N= 167.90 + 547 - 1g2.47 °*

K=

D.L+ WL
i ___u—- 081 = 01/y = 0,46
Stress )
[QF = 5567 °
MF = 55,67 x 046 = 2561 ™
Reinforcement
D= 90 cm d=75 cm §=1/81=¢55%cm
HR e
nec At = =20%7 0 w4-#5
f_t' J 01= 28.% cnl
Q P = 70 cm
L/ = 40.3? che ;
far _ e
u . . : s;
T o= = 652 K%m.f < 7-D kcml
he i '

'
1
v

%aa’

pE :‘,«‘xq‘
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FOUNDATION

DESIGN OF FOOTING

|

Fn

DESIGN OF FOOTING

h X b= 500 x S00

——
-
100 '

l

]

] Wl

|L><B=_~zooa x 2000 I

l

Factored Load

Design Stress

Load case

ZN Wi

DsL

2‘?.'33 7.33

DiL+W

D+L4E

DiH

Stress

[QF = 733 % (29-05)f2 x20 = yyv0 ©

WE =7_33,’{(2_0_ 0_5)/2}‘,29, Vs = 4_’? tm

Reinforcement
D= 30 d= 99 j=7T/8 =115
HF 12, 05 '
nec fAt= S S CAYPY -3 B,
- 1870 %17.5 '
ft - 3 g - nd
o + ((CRYTES
a oo 3
. AL
b o« ] <7.°

-

hxX b=

—

J 1

ulaal

L b
: I LXB= f
{. t
Factored . Load Design Stress
Load case ZN WL
Dl '
DLW
' ]
D+L+E
D+l
Stress
[:BF =
Mg =
Reinforbement
D= d = i=17/8d
, : HE .
nec fit= : =
ft -
1]
T= =
b+ j
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