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Agenda

* Spillway structural components

*The loads, the magnification from static load to
dynamic load.

*The responses of spillway structural component
with respect to the loads

*Some examples and practice procedures when work
on these assignments
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Spillway

Hydraulic structure that passes normal (operational)
and/or flood flows in a manner that protects the
structural integrity of the dam and/or dikes.

Gated (controlled)
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Emergency Spillway

* Emergency spillway provides additional protection
against dam and/or dike overtopping and intended
for use under unusual or extreme conditions.

Gated Service Spillway
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Spillway Profile
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Spillway Walls
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< Location of
Collimation Pier

behind fire station

View from
Collimation Pier
above dam

Minidoka Dam Canal Headworks Gate Piers

Figure E-2-4.—Typical spillway pier configurations.
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Spillway Wall PFM discussion in
Best Practice
Seismic Spillway Wall PFM

Q’lkmb
1 - Original Embankment and Gated Spillway UH

4 — Embankment continues to scour
and cannot be stopped

2 — Earthquake damages spillway wall

producing upstream to downstream seepage

5 — Embankment fails

3 — Embankment starts to scour
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Pier Discussion and its PFMs in

Structural
Response
=f(Strength, load
path ability)

Some levels of warning from
structural responses, while does not
show here, the risk tree includes
intervention=Impact of Human
factor
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Pier Discussion and its PFMs in
Best Practice (2)
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Some levels of warning from
structural responses, while does not

show here, the risk tree includes
intervention=Impact of Human
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Loading

Chapter 3: General Spillway Design Considerations

To determine the appropriate seismic loads for a spillway, identification and
evaluation of seismic-induced credible PFMs are undertaken (for more details, see
Appendix B, “Potential Failure Modes (PFMs) for Spillways,” in this chapter). If
there are seismic-induced credible PFMs, the design load is determined through
the process outlined in table 3.3.2-1. This process begins with assuming initial
design loading conditions.

Analytical tools used to estimate the response of the structure to the earthquake
loads involve pseudo-static and dynamic methods. These include:

Pseudo-static methods. — These methods are typically used during
appraisal and feasibility design. On occasion, these methods may be used
during final design when dealing with common, simple structures without
complex soil-structure interactions and that are subject to small to
moderate seismic loading. These pseudo-static methods include:

o  Westergaard method. — The Westergaard method estimates

hydrodynamic loading. For more details about applying the
Westergaard method, see Chapter 6, “Structural Design Considerations
for Spillways and Outlet Works,” in this design standard.

o Mononobe-Okabe method. — The Mononobe-Okabe (M-O) method
ﬁiii'ﬁiiﬁi diﬁiﬁiﬁ i‘ﬁiﬁ1 .0l 1oads The N ﬁm tlhod m - 1l

net static and dynamic force acting on a flexible (yielding) structure.
For positive horizontal accelerations (soil accelerates toward the wall),
the net dynamic active force (P4g) is greater than the net static active
force (P,), and the net dynamic passive force (Ppg) is less than the net
static passive force (Pp). Thus, compared with static conditions, the
seismic earth pressures increase from the driving side soil mass and
decrease from the resisting side soil mass. A limitation of the

M-O method in higher seismic regions is that the soil angle of internal
friction () *’ must be greater than the seismic inertial angle () **,
which is a function of the horizontal acceleration. The M-O equations
yield negative radicals (complex numbers) under such large seismic
accelerations. A summary of the fundamental M-O assumptions is
presented below:

Design Standards No. 14: Appurtenant Structures for Dams
(Spillways and Outlet Works) Design Standards

The wall yields sufficiently when subjected to active pressures.

The backfill is cohesionless.

The soil is assumed to satisfy the Mohr-Coulomb failure criterion

When the minimum active pressure is attained, a soil wedge
behind the wall is at the point of incipient failure, and the
maximum shear strength is mobilized along the potential slip
plane

Failure in the backfill occurs along a slip plane surface that is
inclined at some angle with respect to the horizontal backfill
passing through the toe of the wall.

The soil wedge behaves as a rigid body, and accelerations are
constant throughout the mass.

Equivalent static horizontal and vertical forces are applied at the
center of gravity of the wedge and represent the earthquake forces.

Liquefaction is not a consideration for the backfill

The backfill is completely above or completely below the water
table, unless the ground surface is horizontal, in which case the
backfill can be partially saturated.

The ground surface is planar, not irregular or broken.

Any surcharge is uniform and covers the entire soil surface.

The soil angle of internal friction must be greater than the seismic
inertial angle (¢ = y)

For more details about applying the M-O method, see Chapter 23,
“Seismic Failure of Spillway/Retaining Walls.” of the Dam Safety Risk
Analysis Best Practices Training Manual [6] and Chapter 6.
“Structural Design Considerations for Spillways and Outlet Works,” in

Chapter 3: General Spillway Design Considerations

under seismic loading and, as such, can be considered as rigid,

Iding walls. The for the elastic
methods is that the relative soil-structure displacement generates soil
stresses in the elastic range of the material. Elastic methods are
usually based on elastic wave solutions and are thought to represent
upper-bound dynamic earth pressures and. as a result, produce seismic
loads greater than those of the M-O method. Wood’s method predicts,
a total dynamic thrust acting at a height equal to approximately 0.58H
above the base of the wall. A summary of the fundamental Woods
assumptions is presented below:

The wall is a rigid, non-yilding wall

Soil stresses are in the elastic range.

Computed dynamic thrust loads must be added to static lateral
earth loads.

Computed dynamic thrust loads are a function of the soil Poisson’s
ratio.

Computed dynamic thrust loads are a function of the ratio of the
effective horizontal length of the backfill to the height of the
backfill.

Not limited for large seismic accelerations.

The carthquake shaking frequency is much less than the
fundamental frequency of the backfill

For more details about applying Woods method, see Chapter 23
“Seismic Failure of Spillway/Retaining Walls,” of the Dam Safety Risk
Analysis Best Practices Training Manual [6] and Chapter 6,
“Structural Design Considerations for Spillways and Outlet Works,” in

‘Woods method. — The Woods method estimates dynamic lateral soil
loading (only applicable for nonyielding wall conditions). Woods
method is based on linear elastic theory and on idealized
representations of the wall-soil structural system. Elastic methods
were originally developed and applied for the design of basement
walls that would be expected to experience very small displacements

Self-weight inertia (added mass). — Any pseudo-static analysis will
include the inertia forces associated with carthquake-induced
acceleration of the spillway structure or feature, such as a wall. For
more details, see Chapter 6, “Structural Design Considerations for
Spillways and Outlet Works,” in this design standard.

Dynamic methods. — Linear and nonlinear two-dimensional and three-
dimensional Finite Element Model (FEM) methods are typically employed
for some feasibility designs and for some final design level efforts (not all
high-level designs will require FEM methods). Also, these methods are

National Dam Safety Program Technical Seminar
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Loading, design criteria for concrete
retaining walls-1971 publication

DESIGN CRITERIA FOR
CONCRETE RETAINING WALLS

Report of the task committee on

design criteria for retaining walls

A. J. Aisenbrey, Jr.
R. B. Campbell

R. W. Kramer

J. Legas

L. M. Stimson

Division of Design
Engineering and Research Center First printed August 1971
Denver, Colorado Revised and Reprinted July 1977

UNITED STATES DEPARTMENT OF THE INTERIOR * BUREAU OF RECLAMATION
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Loading (2)

Seismic water pressure on rigid
wall

Parabola

T Pew
0.4 H ‘

.

p0=Ce XCh H
.2 2
Pew3 Ce acp H
ch= horizontal ground acceleration /g
T =earthquake period {sec)
51

e” 1
M'072(736%$ﬁ2 )

See Reference 22.
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Seismic water pressure on
flexible wall

2. From Equation 15 and Figure 8, 5 percent damping,[5] deter-
mines whether a magnification factor, MF, need be applied. If
MF does not apply, use Westergaard's parabola, the same as though
the walls were rigid.

3. If magnification is required, the variation is assumed to be
linear as shown by Line DE, Figure 11.[11] The curve AKC repre-
sents Westergaard's parabola as modified by magnification. The
curve is produced by assuming values of Y and solving for X.

MF

| Westergaard's standard parabola for
hydrodynamic loading
| F 1 A y Water surface
-
X
2
Pew K
ol o -
©
E G 4 I
| Pew= Collay,

Figure 11. - Seismic water pressure on flexible wall.

v MF - 1
X = Ce o HY F\!F - (——H—> Y] . (16)

When Y = H, the total hydrodynamic load is:

Then

Pow = 2 CoH? (0.4 MF + 0.6) a, a7 1
‘ 4



Loading

FEMA

Extreme condition
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Loading (3)

LS-DYNA keyword deck by LS-PrePost
Time = 2

Contours of Pressure
min=-7.06525, at elem# 2272008
max=25.0649, at elem# 2355731

217 Post

Pressure
2.506e+01
2.185e+01
1.864e+01 _|
1.543e+01 _
1.221e+01
9.000e+00
5.787e+00 _|
2.574e+00
-6.392e-01

-3.852e+00

Figure 36. Contour plot shows water pressure in reservoir
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Figure 37. Data plot showing water pressure in the reservoir.
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Pressure in soil, static and
dynamic approximation

Static

Top of fill

Water Level

@ F
S—

L1
p=WH K/(:wl H\\w:"w“z

2 K

W = drained weight of fill, lbs/cf; (fill above water level)
W, = buoyant weight of fill, 1bs/cf; (fill below water level)
Wy = unit weight of water, Tbs/cf = 62.4 1bs/cf
Wy = Wg - Wy, where Wg is the unit weight of 100 percent saturated
fill and can be determined from the relationship:
Wg = (oven-dry unit weight) + (62.% x volume of voids)
K= Kys Kpy or Ky (Rankine, Coulomb, or Jaky)

2
Hy

Pl =Ww—K
2
2
H2
P W
2
H
Py = Wy
Py = WH K Hy

Dynamic

DYNAMIC LOADS

Seismic Fill Pressure

The total active fill force, P,;, during an earthquake is obtained
by adding a dynamic force component, AP, ., to the active static force,
P, described under Static Loads.[15]

Pyg = P+ 8P, 7

The components of P,; are computed separately, since P acts at one-
third the height of the fill above the base and AP, . acts at two-

thirds the height of the fill above the base.[9] [20] The force com-
ponents are:

P = 3’-*213 Ka and AP, = w—l;EAK”
then:
Pyg = !gi (Ka+ 8K,¢) = E;i Kye (8)
where:

AK)¢ = dynamic increment of active earth pressure
coefficient

K,¢ = total active pressure coefficient

National Dam Safety Program Technical Seminar

17



Pressure in soil, static and
dynamic approximation (2)

Height (y/H)

0.8

0.6

0.4

0.2

Pseudo Static Analysis 0.58g

—o— Wood

Mononobe-Okabe
(Seed & Whitman)

—e— Pa+dPae
—e— P3

dPae

0.2 0.4 0.6 0.8

Dimensionless Pressure (ox/yH)
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Loadings and spillway structural evaluation prior to risk
analysis

Start with Linear elastic analysis

Utilize the available load approximation methods

Evaluate structural performance

Utilize the approximation/relationship of structural

performance and probability of failure

onsider nonlinear analysis it needed, which allows
review structural failure mechanisms (concrete cracks, steel
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Loadings and spillway structural evaluation prior to RA

site?

To what elevation of my structural the load reaches to?

Utilize the available load approximation methods
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Evaluation in pier

|Tab|e 60.—2020 CR Pier Analisis Data and Strenith Calculation

Concrete compressive strength, f¢, 413 ksi, See ECDA Section.
Computed concrete modulus of 05 ksi, AASHTO Article 5.6.3.3
rupture, fr.

Concrete splitting test value, fispit 0.200 ksi, rseeciriglgﬁ di?igtrion’ Lab
:?nea(’:::mmended dynamic tensile, fi- 0.290 ksi, ?eiinli?n[;ﬁdzzgﬂon, Lab

Dwg 258-D-180, net section at

Cross canyon effective width, d 37 in gate (Pier 3 and pier 4)
Stream direction base length, b 300 in Dwg 258-D-180 (pier 4,
section CC)
lg=bd%/12 1,235,561 in*
y=0.5d 18.3 in
. _ kip- AASHTO Equation 5.6.3.5.2-
Estimated crack moment, Mc=flg/yt, 13,467 infsection | 2, ACI Eqin 24.2.3.4
Estimated crack moment, Mg, 44,891 1b-infin
Allowable moment, Ma=(2/3)*Mg; 29,927 Ibin/in ACI 318-19 Equation 24.2.3.5
Steel area in pier per ft, As/ft 0.31 in2/ft
. . CRSI, Engineering Data
Steel yield strength, fy 33,000 psi Report No. 48
Whitney stress block depth, a 291 in
Bending Arm, d-0.5a 35.2 in
Nominal flexural strength in pier, L
Mn=Asf,(d-0.5a) 30043 lb-infin
Beam thickness per foot, bw, 12 in
. . Dwg 258-D-180, net section at
Beam effective depth, d 37 in gate (Pier 3 and pier 4)
Steel ratio pw=As/(bwd) 0.0007 unitless
Normal concrete factor, A 1

Size effect modification factor, As=

(2/(1+0.1°d))0.5 0.65 ACI 318-19-22.5.5.1.3
shear stress, 30 si ACI 318-19-Table 22.5.5.1-c,
Ve=8(3s)(A)(ew)(1/3)(fc)0.5 P with Nu=0

Shear, Ve=ve*d 1098 1b/in

Reduced shear, 0.75*V¢, 824 1b/in

Table 61.—Pier Analysis Flexural Results for 10K and 50K Event

Average bending moment in pier from model, M,, |b-in/in 28,000 60,000
Allowable moment, M,, |b-in/in 29,927 29,927
Nominal flexural strength in pier, M,, |b-in/in 30,043 30,043
D/C ratio = M, /M, 0.9 2.0
Check OK No Good

Table 62.—Pier Analysis Shear Results for 10K and 50K Event

Average shear in pier from model, [b/in 418 896
Reduced (allowable) shear in pier, V,, [b/in 824 824
D/C ratio = Shear in model/Vn 0.5 1.1
Check OK No Good

National Dam Safety Program Technical Seminar
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Linear analysis in

- CRIT-002 Combined (reduced).pdf

Figure 5.—Showing the pier model and b dary dition b pier base and
spillway crest interface (left) and | ion of the earthquake load assigned to the
model (right).

LS-DYNA user input My-moment Resultant

08 0
Contours of My-moment Resultant 3.347e+02
min=134779, at elem# 513
max=334.672, at elem# 1003 A-318e+04
-2.669e+04 _|

4.020e+04 _
5.3T1e+04
£.722e+04
8.073e+04
9.424e+04
1.078e+05
1.213e+05
1.348¢+05 |

o

Figure 6. Showing model results (flexural stress contour) from 10k eventl

FEMA National Dam Safety Program Technical Seminar
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Linear analysis in pier (2)

FEMA

20
Element no.
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£ c? ¢ ? €123
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g _______________i__"_’:%__.‘E147
£ Allowable bending
2 40
[ et ' SN SNPENEE NP SRR g Sp gy SISEPECI A ) (g
14
B Cracking moment
| £ 60
[*]
£
Y § -80
- 0 1 2 3 4 5
Time
Figure 8.—Showing model results (bending moments) from 10k event and
allowable bending moment in the pier per AASHTO code.
0
SEDE Element no|
N (A I = C 07;77 (] orﬁ — 700
-200 \ A 99
\\. B B B B B 111
_400 \ 7777777 A A A A_C_123
P D 135
E 147
-600
800 _ o _______ Al e
-1000
v 0 1 2 3 4 5
b Time

Figure 9.—Showing model results (shear) from 10k event and allowable bending
moment in the pier per ACI318-19 code.
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Loadings and spillway structural evaluation prior to RA (2)

Evaluate structural performance

Utilize the approximation/relationship of structural

performance and probability of failure
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Best Practice references

Flexural Yielding SectionResponse Shear Fragility Curve
(Moment Reinforcement Has or Has Not Yielded)
0.999 = = '
Lightly g -
Reinform P M= M, o
Section’ : ! os
Adequately i
reinforced per\.’ e
M = Mn \ AC' c()dez "l .

05 oo Lo oo

Probability of Shear Failure
° °
S 9

Elastic Performance

Probability of Flexural Yielding

|
> |
03 I
02 I
|
01 |
I
s | |
OO 10 11 125 * " * ShearDemandtor:p:dtynnio(n/cm) W Y
Moment Demand to Capacity Ratio (Mp,c) '
S,
; " 2
N/ FEMA
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What if the structural responses show
nonlinear results?

National Dam Safety Program Technical Seminar
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Signs of nonlinear

9 FEMA
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Sign of nonlinear

Probability of Flexural Yielding

Flexural Yielding SectionResponse

0.999 .
Lightly i /
Reinforced PM=My
Section! ; 5
Adeqm;sately
) reinforced per\l
M=M—__ | ACICode? |
05 oo 5 ............
Elastic Performance Inela: fc Transi ;on
S st Tansfion __,,
0.01 / ............. o 27 3?
0.0 :
0.0 1.0 11 125

Moment Demand to Capacitvaatio (Mpic)

BOR Spillway inventory list 57 spillways that are designed before and in the 1940s.

The first seismic design code for buildings was published in 1940, one year after the
destructive Erzincan earthquake.

EVOLUTION OF SEISMIC BUILDING DESIGN AND CONSTRUCTION PRACTICE IN TURKEY
(https://pubs.usgs.gov/of/2001/0f01-
163/GENERAL_PUBLICATIONS/Sezen_StructDesignofTallBld.pdf)

FEMA

National Dam Safety Program Technical Seminar
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Loadings and spillway structural evaluation prior to RA (3)

Evaluate structural performance

Consider nonlinear analysis if needed, which allows

team to review structural failure mechanisms (concrete

cracks, steel yields)

g ﬁ 0
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Nonlinear evaluation example

b =

Figure 18.—Pier i ion (left) and | hed
element) mesh (right) constructed in the model.

Figure 19.—Plots shows rebar
mesh modeled inside the concrete.

Figure 20.—Plot shows fixity (in
both translation and rotation)
boundary condition assigned at
the base of the pier.

Hydro static and hydrodynamic load
from half of gate on each side of pier,
acting on gate notch, in-stream
direction.

e

"\‘
R\ N
ARITTRY
W LA

Hydrodynamic load
on pier, in cross
canyon direction.

Y

-~

Figure 21.—Plot shows seismic acceleration at center of mass and water load
application planes for both hydro static and hydro-dynamic load.

Figure 22 shows cracks in concrete and tensile rebars yielding (Figure 23) in the
50,000-year seismic event for Loading Combination 1: 100 percent seismic
loading acting in the in-stream direction plus 30 percent seismic loading acting in
cross canyon direction.

Figure 22.—Concrete cracks at end of pier in the
50,000-year event, load combination 1: (100 percent
instream and 30 percent cross canyon).

Figure 24.—Plots shows cracks
registered in the concrete pier in
the 50,000 yr-load combination
2: (30 percent instream+100
percent cross canyon).

A 1

Mmoo

0.05

°
13

e
2

Effective Plastic Strain, ip#max
S
= N

0 2 4

s

50,000 yr Event Load Combination 2

s
Time

Figure 25.—Tensile rebars rupture in the 50,000 yr event, load combination

2: (30 percent instream and 100 percent cross canyon).

National Dam Safety Program Technical Seminar
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Nonlinear evaluation example (2)

Load Structural responses, RC failure mechanism

Table 13.—Summary FEA results for spillway pier

Shear Tensile Tensile
demand/ | Concrete rebars rebar
Seismic event Loading combination capacity crack? yield? ruptures?
50,000 years, (1) 100% instream+30%cross canyon 1.0 Yes Yes No
PHA=1.04¢ (2) 30% instream+100%cross canyon 1.0 Yes Yes Yes
10,000 years, (1) 100% instream+30%cross canyon 0.5 Yes No No
PHA=0.4g (2) 30% instream+100%cross canyon 0.5 Yes Yes No
5,000 years, (1) 100% instream+30%cross canyon 04 Yes No No
PHA=0.25g (2) 30% instream+100%cross canyon 0.4 Yes No No

National Dam Safety Program Technical Seminar 31




AR ERERN

ol
IR

(N

e =

Wall nonlinear example/State of
reinforcement

32

National Dam Safety Program Technical Seminar




Wall nonlinear example/State of

reinforcement (2)
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Gate (2)

rotenual Fanure moaes ana KisK Analysis
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Figure 4 — Section through the spillwayl

rSource: Dwg. 258-D-178).

FEMA

abrasive blasted and disassembled”

Spillway Piers / Trunnions

Phote 35

Photo 36 - Pl 3, lft trennien for pate corrotion

plate. Motal o on theie  mponents sppesr: to be cignificant. This condition it fpicsl of o8l the trunaioa:.

Figure 5— Showing Photos 35 and 36 from the 2020 Special Examination.

39 - Pier 6. Loft side of the trussien, bottom borizental girder, viewing the
ek Extreme section lovt due ta corracion was provent on thit web ciffemer

Photo

40— Pier 9, left tranaion for gate #7.

tirder

Figure 7 - Showing Photos 39 and 40 from 2020 Special Examination.
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Load Strength

Sourct;s:DWG 258-D-178, 258-D-180 and 258-D-221
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Fyzk [+ho (cos e - cos B) + Tag (a+ B)-E(sin 2a+sin2p)] 2 | o | 8% | d | M | M | 2% |8k | uginis|2 |3 |2
{cos a is positive et Smmaeeemeeee
a is negative when y,)ho \ sin a is negative
B is negative when ho >y, 4 (s:?r?,l?l'ss r?eogsé’;ui\(’ee National Dam Safety Program Technical Seminar



Gate (4)

Structural performance

Table 4.—D/C Ratio for Trunnion Web with respect to Each Combination

Average Average Minimum | Average Minimum | Average
1 2 1+2 1+2 1+2+3+4 1+2+3+4
Total Total Total Total Total Total
RWS Elev
ESSaes area of area of area of area of area of area of
web, web, web, web, web, web,
in’=2.394 | in?=2.950 | in’=4.058 | in’=5.344 | in’=7.217 in2=9.6/1{
1547 0.00 0.00 0.00 0.00 0.00 0‘}76
1548 0.01 0.01 0.00 0.00 0.00 0.00
1549 0.03 0.03 0.02 0.01 0.01 0.01
1550 0.07 0.06 0.04 0.03 0.02 0.02
1551 0.13 0.10 0.07 0.05 0.04 0.03
1552 0.20 0.16 0.11 0.08 0.06 0.04
1553 0.28 0.23 0.15 0.11 0.09 0.06
1554
(Top of
current 0.39 0.31 0.21 0.16 0.12 0.09
reservoir
restriction
elevation)
1555 0.50 0.41 0.27 0.20 0.15 0.11
1556 0.63 0.51 0.34 0.26 0.19 0.14
1557 0.78 0.63 0.42 0.32 0.23 0.18
1558 0.94 0.76 0.50 0.38 0.28 0.21
1559
(Normal
Water 1.12 0.91 0.60 0.45 0.34 0.25
Surface
Elevation)
1560 1.31 1.06 0.70 0.53 0.39 0.30
1561 1.52 1.23 0.81 0.61 0.45 0.34
1562
(Top of 1.74 1.41 0.93 0.70 0.52 0.39
gate)
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Loadings and spillway evaluation prior to RA

Evaluate structural performance

Consider nonlinear analysis if needed, which allows team to review structural
failure mechanisms (concrete cracks, steel yields) or even with 3D effect or

other considerations
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3D effects

«N1260877

«N417381

+N1442863

H 956098

H 948239

Figure 24.—Stress contour plot.
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3D effects (2)
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Figure 24.—Stress contour plot.
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Gate (5)

When there are other

factors beside hydro-

dynamic load:

* Gate arm buckling

* Counterweight
movement

* Nonlinear Steel
Properties

National Dam Safety Program Technical Seminar
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Spillway slab

EL. 4259 ft | |

Ogee Crest Overlay

— 2-ft Step Overlay

— CL Existing Drain
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Flow Patterns Look Similar

Results — Flat @ 56,000 cfs Results — 2-ft Steps @ 56,000 cfs

Time: 5.000

0“}'\ N f ¥
5 "ﬁ_g'f = FLOW-3D
O\ &
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Spillway Slab

Results — Flat @ 56,000 cfs Results - 2-ft Steps @ 56,000 cfs

Time %000

(Weec)

FLOW-3D
FLOW-3D

Results — Ogee @ 56,000 cfs

Time: 5.002
etocty (ft/sec)
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Spillway Slab (2)

Results — Flat @ 56,000 cfs

pressure (lb/ﬂZ)
1800.000
1500.000
1200.000
900.000
600.000
300.000
0.000

Results — 2-ft Steps @ 56,000 cfs

pressure (lb/ftZ)

1800.000
1494.733
1189.467
884.200
578.933

273.667

-31.600

Results — Ogee @ 56,000 cfs
(Ib/ft?) ECSSL“‘C (Ib/ft2
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Other Potential Failure Modes

Topic presented in DOI Safety training in 2018
* Overtopping of the spillway chute walls
 Stagnation Pressure

* Foundation Erosion

* Hydraulic Jacking

* Concrete block sliding

(diversion dam/spillway block)
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