Structural Design Considerations
By Gene Gopenko, P.E.




GOALS:

Serviceability

Durability

L ow Permeability

Limiting Deflections and Cracks



References

o ACI 318-89. Building Code Requirements
for Reinforced Concrete

o ACI 350R-89. Environmental Engineering
Concrete Structures

o “Strength Design for Reinforced Concrete
Hydraulic Structures’ by ASCE, ( adapted
from COE Manual)



References (cont.)

Structural Design of Standard Covered
Risers. Technical Release No30 (1965) by
SCS.

“Rectangular Concrete Tanks’ by Portland
Cement Association

“*Moments and Reactions for Rectangular
Plates’ by US Bureau of Reclamation



ACl 350R-89:

NiS report presents recommendations for
structural design, materials, and construction of
concrete tanks, reservoirs, and other structures
commonly used in water containment, industrial
and domestic water, and wastewater treatment
wor ks, where dense, Impermeable concrete with
high resistance to chemical attack isrequired.”

Among Types of Structures: intakes and conduits.



'ART WITH RIGHT INGREDIENTS!




Concrete Reguirements

Min. Concrete Strength=4000 psl at 28 days
Air Entrainment=5%+1%

Maximum Water-cement Ratio=.45
Maximum Slump=4 inches

Aggregates per ASTM C33, max. aggregate
size=1 inch

No admixtures containing calcium chloride



Steel Reinforcing

New Billet Steel to Confirmto ASTM A615
Grade 60

Epoxy Coated Rebars

Minimum Concrete Cover:
Concrete Base=3 inches (4" COE)
Concrete Walls=2 inches (3" COE)
Stilling Basin=6" (COE)




Temperature and Shrinkage
Reinforcing

ACI 318 for Grade 60 Sted!:
A =0.0018bh

ACI 350R (use chart), but
A (min.)=0.0024bh



Concrete Joints

« Construction Joints
* Expansion Joints
e Separation Joint
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Crack Reduction

 Joint Spacing
“Joint Is controlled crack. Crack Is
uncontrolled joint”

* Reinforcing Distribution-try to reduce bar
spacing!
“Where the structure must be watertight, bar
spacing should not exceed 12 inches’.



Minimum Thickness
ACI 350R:

“Walls with height greater than 10 feet
shall be a minimum of 12 in thick and
shall contain reinforcement on both
faces.”

“A minimum of 8 Inisrequired where 2

INn concrete cover Isdesired’ - criteriafor
top slabs.



Flotation Criteria
(Structural Design of Covered Risers, SCS TR 30)

FS=1.5

e Riser Located In Reservoir-
L ow stage inlets plugged
e Riser Located in Embankment
Add buoyant weight of fill over base



Fotation Criteria

(Flotation Stability Criteriafor Concrete Hydraulic
Structures, US Army COE)

L oading Conditions ES
e Construction 1.3
 Normal Operation 1.5

e Extreme (max. pool) 1.1



Design Loads

 Dead L oads:
— Weight of Concrete
—  Weight of Equipment

e Liveloads:
— Earth and Silt Pressure
— Water (Hydrostatic L oad)
— Surcharge
— Cover dlab LL=100 psf
—  Wind Load=50 psf, for risersin reservoir only
— lceLoad (max. 2" thick, 5 kips/sg. ft)



LOAD DIAGRAM FOR
CONCRETE RISER WALLS

Rs

Rw




Hydrostatic L oad:

Pw=y, Hw, in Ib/ft*, y,= 62.4 1b/ft3,
Soil L oad:

Ps=(Kr)(y<v,,)HS, where

Kr=.5 (soil assumed at rest condition)

v=126 Ib/ft3 (soil weight available from Sail
Report)



Strength Design

U=R*Load Factors
U=1.4(DL)+1.7(LL), from ACI 318

ACI 350: In Hydraulic Structures, when reinforcing
In flexure, the required strength 1.3U.

Strength Reduction Factor ¢-Second Safety
Provision in ACI.

Mr= oMn, ¢=.9 for bending, ¢=.85 for shear



30

'

IXEEN

- —1_.'.'—‘:-1?
K HE J

i
I
\% H By = resuliant of components of Hp and
N Az vhich are perpendicalar to the
E-'ll“uad"r:—-//..l"' |L
1 ouak eeckion.

Moment Diagram




Analysis for Plates (vs Simple
Beam)

* Finite Elements Computer Model

e Tables of Moments and Reactions
Coefficients

 Moment Balance using Distribution Factors



AMD REACTIONS FOR RECTAMGULAR PLAT

8 | =
3 |-.ea0r |- angs
EQEd |- DS0F |- . 4007

Dl g

T|= 32840 G537 0= 003

- ENIE
LIRE e O El
—
B3] (0 334 |= BEEW

s

WL RN CONJENTION




N3
Lﬁ DEWALE FRAME
AND COVER REFER
1O HOMARD COUNTY
Dis. SD.3.41

TP,
- 2" CLEAR
TrE

CONTINUOUS BENTONITE
WATERSTOP, SEE NOTE |
TYF.,

#Sall” ec, TTF. =

ELEY, 5405

l‘l\-\-\"'._

T 84 DOVELS, TYP

—=— #4p|0" 2, TTF

| —— 8Hg|2" oo ABCWE ELEVATION 5228 TP
- -

—  ElEV.S5z28S5
—ST@I5" se BELOW ELEVATION 5285 TYP.

L Iwd KEY, TP

~— ROWELS TS MATGH
vERTICALS, TTF

ELEY, 5295

— WWiIREIN S2iL OR MUD

SCALE " =

SlLAB AS REGUIEED
By SECTECHMIC AL
EHEIMEER,

IF RISER WALLS ARE POURED IN MORE THAN (I) POUR, PROVIDE
2°x4" SHEAR KEY AND CONT, BENTONITE WATERSTOR AT EACH

CONSTRUCTION JEINT




#
——ELEY, Bd405
i i
| | —(1) ADDITIONAL %4 BAR
[ 2" GLEAR, : s ARCUND PERIMETER OF
i ™P. ! - FIPE OFPEMIMS.
i b
i A _— &" DIAMETER OPENING
I = | FOR ORIFILE
HEIR CREST N N | | | -
ELEY. 534.8' ¥ -
' ’,
E1i=11= = Vd ~ INVERT ELEV. 534
= r -~

i =
(2} ADDITIONAL #E BASS I: I

| f
§ |
¥ |
| - |
AROUND PERIMETER OF /A | - I
MEIR, EacH PACE, TrP.—" | | 7 :
- I=
o l
() ADDITIOHAL 85 BARS — | I'I
] ]
i H — 1) ADDITIONAL #4 BAS
: i I o ARSUND FER|IMETER OF
: . PIPE GPENINS, TYP.
- .‘-..
= Ll | ._.-'"'-.
."-..-l.
2=0" # b L e
o jl'. — ,F

b

ELEv. 8205

ek —— YIRGIN SOIL OR M

Ti=t— SLAB AD REGUIRED

: BY SEOTECHHICAL
EMEIHEER,

RISER ELEVATION

SCALE4" = IO




.1".. - - -
LAP =PLICE LAP =P |LE
2=3"HMHN SEE TAE.LEJI" . SEE TABLE 2=2" HH
I 1 .
E_. I i +.'l_ L}
A o -
] = _:5 i - i |"|. i R I
&
L 41
SEE SECTIONS /8= AN -
- 35| FE REIMF
'l .
= - F
; g &Ll
W !
50
}} < -|-. T T L] 0 L] - _|'| : - !
g “ 1 . i
E r—t—t Ly - K e i -
A |
. - i =
2'-0" . I2-o” I
&'-a"

SECTION 2/5-|




1 e e |

SIDEMALE FRAME
AND COVER REFER
TO HOMARD
COUNTY DS, |
&3 3 4] ;

-

|/
—u4 BoTTOM BARS I — 2 ADDITIONAL B BARS, TYF
a8 12" a2, EA

FLAN - TOP SLAD

SCALE 3" » |'-0"




Precast vs Cast-1n-Place
Pros and Cons


















L ake Elkhorn Spillway Repair,
Howard County, MD



Dam Statistics

Significant Hazard Dam

Built in 1974 on tributary to Little Patuxent
18 high earthfill dam with 145 ft long ogee
spillway

Drainage Area 3.6 sg. miles



























ASSUMED CRACK DIRECTION ——

BASED ON OBSERVATION OF o
CRACK AT THE SIDE OF THE | 2
UFPPER CREST

“— ASSUMED CRACK DIRECTION
BASED OM THE FINDINGS
FROM CORE #8

OFF WALL

SHEET PILE CUT —-—l

ASSUMED DIRECTION OF CRACK
THROUGH THE WEIR CROSS SECTION

SCALE: 1/4" = 1'-0"




PINS CORROSION
PROTECTION

REPAIR JOINTS BY
CHEMICAL GROUTING
METHODS AND SEALED
WITH URETHANE SEALANT

BOND LENGTH

SHEET PILE CUT
CFF WALL

PROPOSED CONCEPT REPAIR AT WEIR

SCALE: NTS
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