Rapid Assessment of Seismic Safety of
Elevated Water Tanks with Shaft Staging

2. INPUTS
2.1 Basic Information
(1) Location : Panchkula Seismic Zone as per Indian Seismic Code: IV
(2) Type of Staging : Shaft Site-specific horizontal acceleration Zss :1g
(3) Importance FactorI :1.5 Detailing Type: Ordinary / Special R=1.8,2.5
(4) Capacity : 454 m3
(5) Shape of Water Tank : Rectangular
2.2 Geometry b
tf - > Inputs Units
R g b | =425m
he |, D, | =125m
w
¥ tw =0.15m
4 tf? ——————————— =_> .
tw ty =0.15m
tr =0.15m
hw =39m
b =
I 09 m
h =20m
ts =0.15m
hs =26 m
D; =10m
T J‘litm Dr =12m
4 — tn—
— LD ke | =100 m
72\ Vertical Reinforcement: Y16 @ 200 c/c
k / Transverse Reinforcement: Y12 @ 175 ¢/ c
DA
D,

Figure 2.1: Elevated Water Tanks- Shaft Staging

2.3 Materials and Structural System
(1) Grade of Concrete fu = 15 MPa Modulus of Elasticity, E, =5000,/ f, =19,365 MPa
(2) Type of Soil (Tick ONE)
(i) Rocky and Hard Soil N>30 : Typel
(ii) Medium Soil 30>N>10 : Typell
(iii) Soft Soil 10<N : Typelll
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3. BASIC SAFETY CHECKS

3.1 Section Properties

Derived Quantities Units

D, =D, — 2t, =12.5— 2x0.15 -122m
WT_empty = l(%XDOZ - Diz )11! + (%)DOZ (tr + tf )}Yconcrete =1501 kN

[ 1257 ~1222 ) + [ h257 015+ 0.15)p5

Wwater = l(%bizhw})wuterg = [(%)1222 X 39J981 = 4'4'70 kN
WT,full = WT,empty + Wonter = 1501+ 4470 = 5971 kN
I/Vsi.‘aging = 7-c(l)s —ts )tShSYCOHCVEtE = n(10—0.15)0.15>< 26x25 = 3016 kN
I, =Rt =nx5% x0.15 =11.775 m#
As = TC(DS —ts )ts =4.639 m?

_ I_s_ 11.775 =1.593 m

=\ A, "V 4639

We gt = Wi g +(VoWataging = 5971+ (14016 = 6976 kN
We ety = Wr_ampty + (V5 Wetaging = 1501+ (14 B016 = 2506 kN
Wfoundation = (%)DFZtRchoncreteg = (%)X 122 x1x25 = 2826 kN

w=2-99 4115

I, 7.8

e

Equivalent shear wall length |, =0.78D,=0.78x10=7.8 m

Eccentricity e due to unsymmetrical opening

e=0.5D, [ZLJ = 0.305

3.2 Natural Period of Tank
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We_ g s 6976x10° x 26
Tank Full T, =C; [-—==F% _ 31.92\/ ; - -
sl =TV TE A g 19365% 10° x 4639 9.81 Tran=0.456s  |Tempry = 0.274 s
We_ampty s 2506x10° x26
Tank Empty T =C \/7”” = 31.92\/
T EAg 19365%10° x4.639x9.81
where staging slenderness ratio |, :(hsJ __26 =16.32; Cr=31.92
7, 1.593
k Cr
5 14.4
10 21.2
15 29.6
20 38.4
25 47.2
30 56.0
35 65.0
40 73.8
45 82.8
>50 1.8k
3.4 Design Horizontal Seismic Force
Spectral Acceleration (S./g)
Soil Type | Spectral Acceleration (S,/3)
s, [ 25 0<T<04
Typel | ¢ 711.00/T 04<T<40
S _ 2.5 0<T<055 (S4/Q) = 2.5 |(So/Q) empy= 2.5
Typell | o' 11.36/T 055<T<4.0
S, | 25 0<T<0.67
Typelll | 0" "11.67/T 067<T<4.0
7 “10x15, . _| 10x15
Horizontal seismic coefficient A = i(ij T 18 (25)=|= 1.8 (25)
R\Y 2.08 =208
Base Shear  Filled Vg = AW, _ g4y ; Empty Vg = AW, oy =2.08 x 6976 |=2.08 x 2506
=14510kN |=5,212 kN
Governing Shear force V. is greatest of Full and Empty condition |=14,510 kN
3.5 Shear Demand and Capacity of Shaft Staging
Shear Force due to Torsional Moment Vi =Vjze/D, _ 14510x0.305 _ 443 kKN
Design Horizontal Shear Force on the staging cross-section | V; =05V, + V; |V, =0.5V}, = V¢
=(0.5x14510+443  |= 0.5x14510- 443
=7,688 kN = 6,812 kN

3.6 Shear Capacity of Shaft Staging
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Area of cross section through the A, =0.8Lt, A =0.8(, —b,
opening of the shaft staging A, =(0.8x7.8%0.15 =0.8(7.8-0.9)0.15
= (0.936 m?2 = 0.828 m?2
Percentage of Longitudinal ~100x0.031 ~100x0.029
, 100A 4.64 4.51
Reinforcement p = T =0.67 = 0.64
For a percentage of Longitudinal Reinforcement p in shaft wall,
from Table 19 of 1S:456-2000, =(0.52 MPa =0.52 MPa
Design Shear Stress of Concrete 1.
Shear Carried by Concrete V. =7, A, =0.52x0.94x106 N |=0.52 x 0.83x10° N
=489 kN =432 kN
Shear Carried by Steel V 0.8l 0.8l, —b
v =0.87fyA[_5t—e =O.87fyAt_3t;
\ SV
= 0.87x415x113x 28 7800= | _ ) g7 415113, (08X 7800-900) =
175 175
1455 kN 1287 kN
Total Shear Capacity of Shaft Staging =489 + 1455 =432 + 1287
V, snart = Ve +Vis =1944 kN =1719 kN
< Shear Demand V; |< Shear Demand V,

3.6 Check for Overturning Moment

. h,\) |=14510(26+4.25/2) =5212(26+4.25/2)
Over Turning Moment Mg =Vp (hs + ?j — 408,093 KNm — 146,587 KNm
Restoring Moment = (5971+ 3016+ 2826)(1—§x2.08]% = (1501+ 3016+ 2826)(1—§x2.08j1—20
M R ™ (Wtank +Wstaging +Wfoundation )(l_é Ah j % = _23’247 kNm = _14’451 kNm
where Dy, is diameter of the foundation
Factor of Safety = Mr/Mor =? =?
Check|<< 1.5 <<1.5




