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Gate Force Analysis and Guide Frame Member Sizing

REFERENCES:
- AISC Steel Construction Manual 15 Ed.
- HILTI North American Product Technical Guide Vol 2

The Low Level Outlet (LLO) gate operating system will be replaced with a new
stem, stem guides, and steel frame to support the stem guides. The steel frame will
be composed of modular sections that are linked together and anchored near the top
of the slope. This calculation package evaluates the force requried to operate the
gate and the force effects on the proposed guide frame assembly.
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Hydrostatic Force

INLET
STRUCTURE

h,:=100 ft

Yu=62.4 pcf
Qrs=hs+v,=6.24 ksf
byate=2.833 ft

lgate :=2.5 ft

Depth of water over gate
Density of water
Hydrostatic Pressure
Width of Gate

Length of Gate

Agate i bgate - lgate =7.083 ft2 Area of Gate

Pri=A,,. Qps=44.195 kip Total Hydrostatic Load on Gate

B gate =atan (%J =15.945 ° (Slope 3.5:1 H:V)

Ppi=c08 (0 yge) + Pry=42.494 kip Force Normal to Plane of Gate Support

Pyr:=sin (951&56) +Pp,=12.141 kip Force Parallel to plane of Gate Support

Reduction Factors
Reduction Factors for Steel under
$.:=0.9 ¢4:=0.9 ¢4 1=0.75 Compression, tension yielding, and
tension rupture

Opening Force

Us:i=0.4 Conservative (per Hydrogate representative, existing/historical gates and
new gates have a coefficient of static friction of approximately 0.35)

Fn_open::PH+/»l»s'PN:29.139 kip
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Prepared By: NPH 5/20/24
Checked By: RLP 5/24/24

Fn_dose:=:u‘s'PN_'Pn=4.855 kip

Stem Guide Design

F,:=36 ksi

Fﬂ =58 ksz E = 29000 kS’L

Compression Design (Closing Operation)

K:=1.0
Lb = 8-25 ft

Dstem = 2-5 in

t

C

dstem L

ﬂ'd £ .
stom = ——— = 4.909 in’
70 yem .
Stem::—i"—:l.917 in’
wedgy : .
stemn = 2 —1.534 in®
d
Pt = —= 0.625 in
Lb
=158.4
Tstem
2
-E
=2 —11.407 ksi
(K-Lb .
Tstem

orr =0 11

D stem 2. tco'rr

2

Assume Pinned at Stem Guides

unbraced length of stem = spacing between
stem guides

Diameter of the stem

Stem will be stainless steel, therefore
corrosion is set to 0.

Area of the stem  L,,,,=378 ft  Length of Stem

Vistem = Agtem * Lstem = 12.885 ft3

W o= 1.05+ Vo, - 490 pef =6.63 kip

tem *

Wstem

Whygr = =17.539 plf

stem

Slenderness Ratio (<200)

(AISC E3-4)
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KLy E .
F:=if <4.71+4[— =10.004 ksi (AISC E3-2, E3-3)
Ts!em Fy
7
calE
0.658 «F,
else
” 0.877-F,
e Fope Agyorn=44.198 kip (AISC E3-1)
FOSyy g sonnp™=3 Factor of Safety for Bar in Compression
F.«A | F A
Str_Check_Comp:= if fb—"—"‘f__s‘e;’bpos,w | = OK PerFer* Asem =9.101
n_close | n_close
” “OK” |
else :
” “Increase Bar Diameter” :
Tension Design (Opening Operation)
T :=min (¢, - y> Dtr* Foy) « Agper = 159.043 Kip (AISC D2-1, D2-2)
8 OShs_bur_ten =3.0
i) |
Str_Check_Ten := if = FOSy o ten| = 2OK”
n_open ' .' e —5.458
” “OK? | nuopen
else ’
i

” “Increase Bar Size”

Stem Guide Load
Friction between stem and guide bushing (Conservative value -
Hgyige=0.4 Recommended value by Hydrogate was less than 0.2 for lubricated
steel on bronze bushing)

W,

stem
F guide_close = (

L
NO g0 :=ceil { f"“) =46
N ogu:ide

] *Kguige =0.058 kip b
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w
F uide_open™= | =G pam )'H wide — 0.058 kip
? = Nogm‘de d

Guide assemblies are oversized to allow for free movement of the
stem, therefore there is no transfer of the opening/closing force
through friction to the guide assemblies.

Frame Load
Eeframe_soit*=0-2 Steel on Silty Soil Lirgme =20 ft Length of Frame
birame =4 It Width of Frame
Approximate Frame Weight/ft (C-C Pontoon)
Wpontoon = 36.75 plf Weight of HSS 14x0.25 (round)
Whoy_nss=4-32 plf Weight of HSS 2x2x3/16 (tube)
Wyoy hss_tat = 9+42 PUf Weight of HSS 5x3x3/16 (tube)
Wy, = 17.539 plf Weight of 2.5" Dia. stem
W frame = 1.1+ (2 * Wpontoon + Whot_hss =109.918 plf
Bfvarae Average weight of frame per foot
+ Wygr + | Whot_hss_tat * L
b

Slide rgme = W frame * SIN (6 4aze) =30.197 plf Frame Force acting downslope
Normalgme = W rame * €08 (6 gate) = 105.689 plf Frame Normal Force

FT’iCtionfmme==N0Tmalfmme'ufmme_soa=21-138 plf  Frame Friction Resistance Force

Normal * Uframe. soi
Static_Stabilityprgme = if J et Ffass >1.5 =“Support Frames at Anchor”
Slideframe

‘(Okay7,
else

“Support Frames at Anchor”
Due to the slope and poor friction between the steel frame and silty soils, the

frames are not self stable, therefore they must be anchored. Full load will
transfered through modular frame connections.
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Frame Stability Load at Frame Bolt Connection

FH_bott_frame = Liframe * (Slide pgme — Frictiong,,,,.) = 181.181 Ibf

Total Frame Stability Load Required at Anchors
FH_anchor_frame=1.5+ (Slidefmme—Frz'ctz'onfmme> +Ly,,,=5.136 kip
Maximum Frame Loads (reactions opposite of stem, ie; frame is in tension when the
stem is in compression)
Nofmme =18

F total_ten_frame ‘= /3 H_bolt_frame * No frame +F guide_close N Oguide = 5.913 kip

Ftotal_comp_frame = Fguide_open ° Noguide - FH_bolt_frame - Nofra,'me =—0.609 kl“p

(No Compression load - Frame remains in tension during Opening Operations)
Fiotal_ten_frame TEPresents the maximum force at the last modular frame connection

Evaluate frame members and connections under Design Tension Load

By inspection, frame is sufficient under tension loading while the gate is being closed;

P; =220 kips for HSS 14x0.25 (AISC Table 5-6)

F total_ten_frame — 5.913 kzp ’

Each frame is connected by four (4) 1/2" Dia. A325 Bolts.

F,, =68 ksi Nominal Shear Strength of A325 Bolt
: (AISC T 13.2)
dy:=0.5 in Ahole ' =— tn
b hole 16
dy’
Ab =TT
Ry pott=F oy~ Ay=13.352 kip 2:=2 (AISC 13-1)
d
=3 in— hz"le Edge distance of bolt
Lpiate :=0.25 in Connection plate thickness
[F)=58 ksi Tensile Strength of A36
Ry piate=min (1.2-1 4t 0+ F,y 2.4+ d, - totate ) = 17.4 kip (AISC 13-6a)
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R = min (Rﬂ_bﬂf! 1Rn_p1’ale)

. > —6.676 kip

Capacity of one bolt is greater than the demand. By inspection the 4 bolt
connection with 1/4 inch plates is sufficient.

Check welded connections

D:=3 Number of 16ths of an inch for weld size

R

a_weld_inc

,=0.928-D- 1 in-(%;ﬂ):z.mzl kip (AISC 8-2b)

3/16 inch welded connections are okay by inspection. Maximum Force per guide
assembly is less than 100 pounds.

Thrust Block Connection

F,
No_anchors:=8 R,=12- — lotal ten Jrame _ ) 887 kip
No_anchors

Threaded Rod Strength Design (per HILTI) Assuming cracked concrete (CONSERVATIVE)

Table 41 — Steel design strength for Hiltl HAS threaded rods for use with ACI 318 Chapter 17

| . HAG-8 1 HAS B 105 H HAS R stainless stoel
N e B Hor 153 B s RS S | Asmarss (3';-5: o
" | G105 ASIMAIE3 (1-1/8 In to D-)f
Namiml | | setsmic i Selsmic | selsmic | T sawmic
mchor | Tenae! | - Shear she | Tensie' | Shear | Shes® | Tenste'  Shea® | Shea | Temate' | Snead | Sheas
dometer | BN, oV, oV, oN, | oV, o, oN_ o, | oV, oN,, v, o,
n b | DM | b bR | By | mEN) | bR oEy | O K b |
5= 3370 1,750 1,060 | 2360 | 2270 | 1680 | 7270 | 3,780 2615 | 5040 2,790 1,958
115.0) 78 @n 19.4) 10.1) 7.1 gey | nes 018 2 124 &N
- | O o) 1,925 | 7,985 2,150 2905 18305 | 6920 4845 | 8225 5110 3505
W ers (14.3) 86 355 85 129 892) 130.8) @18 | M ©27) i)

Table 40 — Hilti HIT-HY 200 V3 adhesive design strength with concrete / bond fallure for threaded rod
in cracked concrete 12436758

T
Nomiral : ——Hlon = 0N, : | ———— Sheor — Moo ;
anchor Eflective = 2,500 psi | [, - 3.000 pai | "= 4000 psi |/ , = 8,000 psi | £/, = 2,500 psi | [, = 3,000 psi Fn £, = 6000 p: |
dlameter | embedment (172wPa) | (207MPe) | (276MPE) | {@14MPa) | (I72MPa) (07 MPa) | "p7emPy | (814MP3)
n tn. {mm) Ib (er) b (N} o (N) 1 kN} b (k) B (kb Ib (i) b (kN)
28 1.900 1935 1900 | 24075 2,045 2,083 2,45 2233
fie0] 8.5 Ba) B9} | 2.2} @1} &3 8.5 | .5}
33/ T 2700 2,789 2830 | 2990 5,815 5,925 5,005 | 6,350
o |0 | w29 ez | pem | g3 @5 | ey | @rh 282
PRI 3,600 3565 3775 | 393 7,755 7.900 B130 | 8465
(114) | peo (183 pee | (119 (345} @81 [B6.2) (AL
] [ 6000 8110 5290 |  #5%0 lZaes | 13165 13960 | 14,110
usy | een 272 @0 | @ er5. | 84l g0 | 28
2314 | 252 2,780 3,185 3,480 5,425 5945 6,865 7,490
fell | 123 s 15H Eay) | e (B0.8) B3
4172 5215 5410 5265 | G690 T.asn | 11440 11,770 122
— [IiL:) | 232 123.5) {243 @5.3 501, (509 52.4) 54.5)
6 | 6.95% 7.080 7,290 7,590 14,975 15,250 | 16,348
1154 [00.9) [ - 24 338 6. B8] 598 [ -
] 11,550 11,600 12,149 12,650 24,960 25420 26,160 27,248
— 254) | B 1.6) 152.5) (1o 363 (L] (113.0) 1164 pets
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Table 45 — Load adjustment factors for 1/2-In. dlameter threaded rods In cracked concrete’2?
T 13

pan i L Eowomcenmer

thisaced ods | Bage dutanes facter | 1 I ¥ To mnvd ey Casherenm fhickness

cracid !ww-:m. = tersien Spasn favtir In shear Tpwnrd aipe om edgs factre ) Sisart

ST =l N (. /00 ) | O = = =, S N | SR

Enbadmes b 234 <08 & | 10 297 10 Teanlerm R C) 7.:m|'np [ w

__L_i_m_“- _@h_rﬂ_l. L 1523 | ey 1 ﬂg > m.nxlgmmmmmg

3334 (44) | [ wo [ nin [ wa [oen 0.0 | 0.05 804 | 002 021 | 041 | 0.08 [0.05 | wa | nfs | nm | e

232 6y |0.58 | 048|657 [ 054 | 052 | 034 0.90] oas 25910531053 (042 [ 048 | 0.09 | 0.07 054 | 0,35 | 0,40 [ 014 | 0.08 | wya | wva | via | v

1 |06 a60los]055] 058 0083 s nss ] 05s M 0%z [02a] o2 | 009 0081 0.47 [035 | 0.08 (011 | wa | mm
| 2 _00% | 0631053 ] 0511057 | 0.66 ] 0.66 [ 0.80| 0.40 | 0.58 | 045 | 0,55 | 0.83 | 0.0 | B15 000 | 965|038 028 | 017 | 038

2% {067 | 0571054 1 038 ] 0,75 078 | 07| 0.53 | 061 | 057 | 0.56 | 054 | 0.60 | 0.26] 020 033 | 0.7 053 040028 | 065 na

334 (1461 0.60 | 0.60 | 056 065 | 083 | D.ea | 0.79] 0.88 | A2 | D88 | 05T 035/0621 0591 024]0.15 [ 087 065 | 0.90 | 0.20] 0.70 | 0.55 | rya | o

——1%9 0701 0701 07 | 0501 0.45| 085 | 0.751 57| 063 | 058 | 047 085 | 0.8 | 095] 0.3% 5161085 | 070 08 o071 057 ] o | wa

1138 | 9.74) 0.7 | 069 | 062 | 006 | 0on | 083|062 | 065 | 0.60| 0.58 ] 086 083 ] 5.4z ] 003 0201 0.08 | 0,68 | 0.65 [0.30] 0.77 [ 063 | v | wa

LY 0189, 074|07a]0.70) 052|008 048] 0.65] 03 | 0651060 | 658 0.56| 088 | o] 035 ] Da1 ost} 092 050 042] 078|063 | 087 [ nia

. Lah

na

nfa

- [

E [

8 @0y |0y 07 072083 100, veo | 66| 866 | 067! 0er | o5 056 | 1,001 0.54 | 40| 0.2¢ ] 1.00] 1 1040 0.e0 | 082 | 065 | asn
9 @M | 080) 0p0| 078 | 06s 100) 0.0 ) 069 | 0&2 ! osh| 657 u64] 048 | 0.20 | 0.6 | 0t | 07| 0.00 | 0.64
10 @59) | 0se | gzl o8| 067 | 0I5l 0| o6 | 061l nias | lo7s|osel 03 P1ool o7l osel 074 | 0.67

/Gonerete thickness (), - In, mm)

¢V pi=3.2 kip PV, :=15.695 kip favy=053  fpyi=0.14

Ra._anchor =min (‘;sza @V f avef RV) =1.165 kip

Design_Check :=if R, ,nenor> R, i

“ $tOKH

else ‘
” “Revise Design” J
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