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ADH Adhesive Anchor
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Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

1.0 PURPOSE

The purpose of this calculation is to analyze the concrete wall footing and the anchor bolts for the LERF Basin 
41 Liner Anchor Wall.  

2.0 METHODOLOGY

Wind, seismic and live loads on the anchor wall are calculated using ASCE 7-10, Minimum Design Loads on 
Buildings and Other Structures and TFC-ENG-STD-06, Design Loads for Tank Farm Facilities.

The concrete adhesive anchor bolts are analyzed using Chapter 17 of ACI 318, Building Code Requirements for 
Structural Concrete and Commentary and ESR-3187 for Hilti HIT-HY 200 Adhesive Anchors and Post Installed 
Reinforcing Bar Connections in Concrete. Stability of the concrete wall footing on soil is checked using IBC 
and Principles of Foundation Engineering.

The mechanically tensioned tower system is procured from an off the shelf manufacturer and is not analyzed in 
this calculation.

3.0 DESIGN INPUTS

1. The REVOC®1 cover system is supplied as a pre-manufactured system installed by Layfield Group as 
shown in Attachment 1. Layfield has recommended to increase the counter weight and height of the 
tension towers to promote better cover folding. This design considers a counter weight of steel weighing 
approximately 160 lbf and a tensioning tower height of 6’-0” per drawing H-2-838750, SH 5.

2. The anchor wall is General Service per MT-50497.
3. The minimum concrete compressive strength is 4500 psi, (See RPP-SPEC-63632, Section 03 30 00).
4. The anchor rods are based on fractional stainless steel threaded rods using ASTM F593 material per 

ESR-3187, Table 11.
5. Dimension for the anchor wall are based on Drawings H-2-838750, SH 3.

4.0 ASSUMPTIONS

None.

5.0 COMPUTER SOFTWARE

No unverified computer software was used in this analysis.  Mathcad®2 15.0 was used for the hand calculations.  
Calculations are checked using a handheld calculator.     

1 REVOC is a registered trademark of LAYFIELD Group. Ltd., Richmond, B.C. Canada.
2 Mathcad is a registered trademark of PTC, Inc., Needham, Massachusetts.
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Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

6.0 RESULTS

The Hilti®3 HIT-HY 200 adhesive anchors are adequate using a 1/2” stainless steel anchor bolts with a 2 3/4”
minimum effective embedment depth and maximum embedment of 3 ½”.  The anchor wall is adequate with #4 
rebar spaced 10” on-center longitudinally and 12” on-center transversely, each face.

TABLE:  Results Summary
Tension Post Adhesive Anchors DCR
DCR (tension) 0.27
DCR (shear) 0.02
DCR (per ACI 318, Equation 17.6.3) 0.27

Anchor Wall DCR
DCR (shear) 0.006
DCR (torsion) 0.014
DCR (soil bearing) 0.24

Tension Post DCR
DCR (weld) 0.23
DCR (combined axial, flexure, shear and torsion) 0.03

7.0 REFERENCES

ACI 318-14, Building Code Requirements for Structural Concrete and Commentary, 2014, American Concrete 
Institute, Farmington Hills, MI.

ACI SP-17 (14), “The Reinforced Concrete Design Handbook, A Companion to ACI 318-14”, Volume 1, 
American Concrete Institute, Farmington Hills, MI.

ASCE 7-2010, Minimum Design Loads for Buildings and Other Structures, 2010, American Society of Civil 
Engineers, Reston, VA.

Das, Braja M., Principles of Foundation Engineering, Sixth Ed., 2007, Cengage Learning, Stamford, CT.

ESR-3187, Hilti HIT-HY 200 Adhesive Anchors and Post Installed Reinforcing Bar Connections in Concrete,
Issued March 2018, Revised April 2019, ICC Evaluation Services, Whittier, CA., (See Attachment 2 for 
Excerpt).

3 Hilti and HIT-HY are registered trademarks of Hilti Aktiengesellschaft, Schaan, Liechtenstein
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7.0 REFERENCES, CONT’D

H-2-838750, Rev. 0, Sheets 1-5, LERF Basin 41 Civil Top Liner, Top Liner Details, U.S. Department of 
Energy, Richland, WA.

IBC 2015, International Building Code, International Code Council, 2015, Country Club Hills, IL.

MT-50497, Rev 00, Liquid Effluent Retention Facility (LERF) Basin 41, U.S. Department of Energy, Richland, 
WA.

RPP-SPEC-63632, Rev. 0, Construction Specification For: LERF Basin 41 Design, U.S. Department of Energy, 
Richland, WA.

TFC-ENG-STD-06, Rev. D-2, Design Loads for Tank Farm Facilities, U.S. Department of Energy, Richland, 
WA.
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8.0  CALCULATIONS
8.1  Determine Wind Loads

V 110mph Wind Speed (TFC-ENG-STD-06, Table 3, WDC-1/NDC-1).

Kd 0.90 Wind Direction factor (ASCE 7-10, Section 26.6 and Table 26.6-1
for Chimneys, Tanks and Similar Structures ).

Velocity Pressure coefficient for Design Exposure C. (ASCE 7-10,
Table 29.3-1 for 0-15 ft)Kz 0.85

Kzt 1.0 Topographic factor. (ASCE 7-10, Section 26.8.2)

G 0.85 Gust Effect factor. (ASCE 7-10, Section 26.9.1)

h 6 ft 6.0 ft Height of the tension tower.

D 8in Nominal width of the tension tower.

See Attachment 1 for additional details
on REVOC cover system/mechanical
tension tower.

qz 0.00256 Kz Kzt Kd
V

mph

2
psf 23.7 psf Velocity pressure calculated at mean height h. (ASCE 7-10,

Equation 29.3-1)

h
D

9.0 Ratio of height of tension tower post to width of post.

Mathcad
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Cf 1.5 Net force coefficient (interpolated) for square, wind normal to
face, (ASCE 7-10, Figure 29.5-1)

Af h D 4.0 ft2 Projected area normal to the wind.

Fw qz G Cf Af 120.9 lbf Design wind load on other structures. (ASCE 7-10, Equation
29.5-1)

8.2  Determine Seismic Loads

γstl 490 pcf Density of steel, (AISC 14th Ed., Table 17-12).

Wttower 19.61
lbf
ft

h 117.7 lbf Weight of tension tower member, (HSS 8x8x3/16), (AISC
14th Ed.,Table 1-12).

Wtcwt 7in 7in 12in( ) γstl 166.7 lbf Approximate weight of tension tower steel counterweight.

Wttot Wttower Wtcwt 1.15 327.1 lbf Total weight of tension tower system, (includes 15% contingency
for misc. components, pulleys, cables etc.).

SDS 0.588 Horizontal five-percent damped design spectral response
acceleration at short periods. (TFC-ENG-STD-06)

z_h 0.0 Ratio of the height in structure of point of attachment of
component to the average roof height of structure.

Ip 1.0 Component importance factor for SDC-1 loading.
(TFC-ENG-STD-06)

ap 1.0 Component amplification factor for other rigid components,
limited deformability. (ASCE 7-10, Table 13.5-1)

Component response modification factor for other rigid
components, limited deformability.. (ASCE 7-10, Table 13.5-1)Rp 2.5

Fpnom
0.4 ap SDS Wttot

Rp

Ip

1 2 z_h( )[ ] 30.8 lbf The horizontal seismic force. (ASCE 7-10, Equation 13.3-1)

Fpmax 1.6SDS Ip Wttot 307.7 lbf The maximum lateral seismic force. (ASCE 7-10, Equation
13.3-2)

Fpmin 0.3SDS Ip Wttot 57.7 lbf The minimum lateral seismic force. (ASCE 7-10, Equation 13.3-3)

Fp Fpmin Fpnom Fpminif

Fpmax Fpnom Fpmaxif

Fpnom otherwise

The minimum lateral force to use for design purposes.

Fp 57.7 lbf

Fv 0.2SDS Wttot 38.5 lbf The design vertical seismic force. (ASCE 7-10, Section 13.3.1)

Mathcad
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8.3  Determine Tension Tower Loads on the Anchor Bolts

The following section determines the anchor forces to withstand the worst case loading. 

Ωo 2.5 Overstrength factor. (ASCE 7-10, Table 13-5.1,  Supplement 1,
 required for anchorage to concrete).

Rcable
Wtcwt

cos 30 deg( )
192.5 lbf Tension force on the top liner cable based on a 30 deg angle of

cable from vertical plane of tension tower.

Fh_cable Rcable
2 Wtcwt

2 96.3 lbf Horizontal component of the tension cable force.

LRFD horizontal load combinations
per ASCE 7-10, Section 2.3.2.Fh max 1.6Fh_cable 1.0Fw 1.0 Fh_cable 1.0 Fp Ωo 1.0 Fh_cable 240.5 lbf

Fv_comb max 1.4 Wttot 1.2 Wttot 1.0 Fv 457.9 lbf LRFD vertical load combinations per ASCE 7-10, Section 2.3.2.

Mot 1.0 Fp Ωo
2
3

h 1.0 Fh_cable h 13854.2 in lbf Use LRFD seismic horizontal load combination,
previously defined.

Mres 0.9Wttot 1.0 Fv Ωo 2 in 396.4 in lbf Use minimum LRFD vertical load combination per
ASCE 7-10, Section 2.3.2.

n 3 Number of anchors in group

Centroidahrs
n 1( ) 0 in n 2( ) 5.5 in[ ]

n

Centroidahrs 1.83 in

Tstud
Mot Mres

3 2 in
5.5 in

3

1170.2 lbf Tension load per stud, 3 studs, based on the distance from the
centroid of the tension tower anchor group to edge of  L2.5 x
2.5 x 4 inch long clip in direction of applied load.

Vstud
Fh
3

80.2 lbf Shear load per stud, 3 studs.
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8.4   Check Anchor Bolts in Accordance with ACI 318-14, Chapter 17
 Define Constants

Based on 1/2" diameter ASTM F593 stainless steel threaded rods with 3 1/2" embedment depth

na 3 The number of anchors per post.

sa 5.5 in Minimum spacing of the tension tower anchors.

hef 2.75in The effective minimum embedment. (ESR-3187, Table 12 & 14)

na_t 3 Number of anchors resisting tension. (Moment Couple)

na_v na 3.0 Number of anchors resisting shear.

f'c 4500psi Compressive strength of concrete. (See Inputs)

kc 17 Effectiveness factor for cracked concrete. (ESR-3187, Table 12)

Cracked concrete factor for post-installed anchor in cracked
concrete. (ACI 318-14, Section 17.4.2.6)ψc_N 1.0

Strength reduction factor for steel failure in tension. (ESR-3187,
Table 11)ϕt_s 0.65

Strength reduction factor for concrete breakout failure in tension.
(ESR-3187, Table 12)ϕt_c 0.65

Strength reduction factor for steel failure in shear. (ESR-3187,
Table 11).ϕv_s 0.60

ϕv_c 0.70 Strength reduction factor for concrete breakout failure in shear.
(ESR-3187, Table 12)

ϕe 0.75 Tensile strength reduction factor for anchors in moderate or high
seismic risk zones. (ACI 318-14 Section 17.2.3.4.4) 

αv_seis 0.70 Seismic shear reduction factor, (ESR-3187, Table 11).

ϕd 0.65 Bond strength reduction factor, (ESR-3187, Table 14 for dry &
water saturated concrete installation conditions).

cac 2 hef 5.5 in Critical edge distance factor for adhesive anchors. (ACI 318-14,
Section 17.7.6)

ca1 6 in 1.5 in 4.5 in Distance from center of anchor to edge of concrete in the
direction of applied shear. (See ACI 318-14, Section 17.5.2.1 for
illustration)

Distance from center of anchor to edge of concrete in the
direction perpendicular to applied shear (and ca1). (See ACI
318-14, Section 17.5.2.1 for illustration)

ca2 cac 5.5 in

ca_min min ca1 ca2 4.5 in The minimum edge distance between the edge of the concrete
and the nearest anchor. (primary tension tower anchor)

hmin hef 1.25 in 4.0 in The minimum member thickness. (ESR-3187, Table 12)

ha 30in Actual concrete thickness. (H-2-838750)

d 0.5in The anchor diameter. (ESR-3187, Table 11)
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 Determine Steel Strength of Anchor in Tension

Individual_Group "Analyze anchors individually according to ACI 318, Chapter 17" 3 hef saif

"Analyze anchors as a group according to ACI 318, Chapter 17" otherwise

Individual_Group "Analyze anchors as a group according to ACI 318, Chapter 17"

Nsa 14190lbf The tensile capacity of the anchor is based on ICC-ES Evaluation
Report ESR-3187, Table 11, for ASTM F593, stainless steel
threaded anchor rods, conservative.

ϕNsa ϕt_s Nsa 9223.5 lbf Tensile steel strength incorporating strength reduction factors.

 Determine Concrete Breakout Strength of Anchorage in Tension

ψed_N 1 ca_min 1.5 hefif

0.7 0.3
ca_min
1.5 hef

otherwise

1.0 The modification factor for edge effects. (ACI 318-14, Section
17.4.2.5)

ψcp_N 1 ca_min cacif

max ca_min 1.5 hef
cac

otherwise

0.8 Uncracked concrete pullout factor for post-installed anchors. (ACI
318-14, Section 17.4.2.7)

λ 1.0 Modification factor for normalweight concrete. (ACI 318-14,
Section 19.2.4.2)

Basic concrete breakout strength of a single anchor in tension in
cracked concrete. (ACI 318-14, Equation 17.4.2.2a)Nb kc λ

f'c
psi

hef
in

1.5

lbf 5200.6 lbf

Projected concrete failure area of a single anchor with an edge
distance equal to or greater than 1.5 x hef. (ACI 318-14, Equation
17.4.2.1c)

ANco 9 hef
2 68.1 in2

Projected concrete failure
area of the anchorage group.
(ACI 318-14, Section
17.4.2.1 and Figure
R17.4.2.1(b))

ANc min 1.5 hef ca1 sa 1.5 hef min 1.5 hef ca2 2 sa 1.5 hef 264.7 in2

ANc min na ANco ANc 204.2 in2

Set: e'N 1.83 in Set the resultant tension force eccentricity with respect to
centroid of the anchors in tension, previously defined. (ACI
318-14, Fig R17.4.2.4)

ψec_N
1

1
2 e'N
3 hef

0.7 Modification factor for anchor groups loaded eccentrically in
tension. (ACI 318-14, Section 17.4.2.4, Equation 17.4.2.4)

Concrete breakout strength of the anchorage in
tension. (ACI 318-14, Equation 17.4.2.1b)Ncbg

ANc
ANco

ψec_N ψed_N ψc_N ψcp_N Nb 8842.3 lbf

ϕNcb ϕe ϕt_c Ncbg 4310.6 lbf Tensile breakout strength incorporating strength reduction factors.
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Determine Bond Strength of Adhesive Anchors in Tension

λa λ 1.0 ACI 318-14, Section 17.2.6 and modification factor for
normalweight concrete. (ACI 318-14, Section 19.2.4.2)

τcr 1170 psi Characteristic bond stress in cracked concrete, temperature range
A, (ESR-3187, Table 14).

τuncr 2220 psi Characteristic bond stress in uncracked concrete, temperature
range A, (ESR-3187, Table 14).

da d 0.5 in Anchor diameter, previously defined.

Nba λa τcr π da hef 5054.0 lbf Basic bond strength of adhesive anchor, (ACI 318-14, Section
17.4.5.2)

cNa 10 da
τuncr

1100 psi
7.1 in Critical edge distance, (ACI 318-14, Equation 17.4.5.1d). 

Projected influence area for a single anchor, (ACI 318-14,
Equation 17.4.5.1c).ANao 2 cNa

2 201.8 in2

ANa 2 cNa 2sa cNa ca_min sa 431.1 in2 Projected influence area for a group of anchors, (ACI 318-14,
Figure R17.4.5.1).

ANa na ANao 605.5 in2
Limiting value of A.Na per ACI 318-14, Section 17.4.5.1). 

ψed_Na 1.0 ca_min 4.5 in > cNa 7.1 in Modification factor for edge effects, (ACI 318-14,
Equation 17.4.5.4a).  

ψcp_Na
ca_min

cac
ca_min 4.5 in < cac 5.5 in Modification factor for adhesive anchors designed for uncracked

concrete, (ACI 318-14, Equation 17.4.5.5a).

e'N 1.83 in Previously defined.

ψec_Na
1

1
e'N
cNa

0.8 Modification factor for adhesive anchor group loaded
eccentrically in tension. (ACI 318-14, Equation 17.4.5.3)

Nag
ANa
ANao

ψec_Na ψed_Na ψcp_Na Nba 9864.1 lbf Nominal bond strength of group of adhesive anchors in
tension, (ACI 318-14, Equation 17.4.5.1b).

Nominal bond strength in tension for a group of adhesive
anchors in tension incorporating strength reduction factors,
(ACI 318-14, Equation 17.4.5.1b).

ϕNag ϕe ϕd Nag 4808.7 lbf
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 Determine Steel Strength of the Anchorage in Shear

Individual_Group "Analyze anchors individually in shear according to ACI 318, Chapter 17" 3 ca1 saif

"Analyze anchors as a group in shear according to ACI 318, Chapter 17" otherwise

Individual_Group "Analyze anchors as a group in shear according to ACI 318, Chapter 17"

Vsa 8515 lbf The steel strength in shear. (ESR-3187, Table 11, ASTM
F593)

ϕVsa αv_seis ϕv_s Vsa 3576.3 lbf Steel shear strength incorporating strength reduction factors.

 Determine Concrete Breakout Strength of the Anchorage in Shear

ψed_V 1.0 ca2 1.5 ca1if

0.7 0.3
ca2

1.5 ca1
otherwise

0.9 Edge distance factor (Anchors not on a corner). (ACI 318-14,
Section 17.5.2.6)

ψc_V 1.0 Cracked concrete factor without supplementary
reinforcement, (ACI 318-14, Section 17.5.2.7)

ψh_V
1.5 ca1

ha
ha 1.5 ca1if

1 otherwise

1.00 Thickness modification factor. (ACI 318-14, Section 17.5.2.8)

da d 0.5 in The outside diameter of the anchor.

The load bearing length of anchor for shear. (ACI 318-14, Section
17.5.2.2)le min 8 da hef 2.8 in

Basic concrete breakout strength
of a single anchor in shear in
cracked concrete. (ACI 318-14,
Section 17.5.2.2)

Vb min 7
le
da

0.2 da
in

λ
f'c
psi

ca1
in

1.5

lbf 9 λ
f'c
psi

ca1
in

1.5

lbf 4457.4 lbf

The projected area for a single anchor in a deep member with a
distance from edges equal or greater than 1.5 x ca1. (ACI
318-14, Equation 17.5.2.1c)

AVco 4.5 ca1
2 91.1 in2

Projected concrete failure area of the anchorage. (ACI
318-14, Section 17.5.2.1 and Figure R17.5.2.1b)AVc 2 1.5 ca1 2sa min 1.5 ca1 ha 165.4 in2

e'V 1.83 in Previously defined and is taken same as value for eccentricity of
anchor group in tension.

ψec_V
1

1
2 e'V
3 ca1

0.8 Modification factor for anchor group loaded eccentrically in shear.
(ACI 318-14, Equation 17.5.2.5)

Vcbg
AVc
AVco

ψec_V ψed_V ψc_V ψh_V Vb 6010.4 lbf Nominal concrete breakout strength of anchorage in
shear. (ACI 318-14, Equation 17.5.2.1a)

ϕVcb ϕv_c Vcbg 4207.3 lbf Shear breakout strength incorporating strength reduction factors.
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 Determine Pryout Strength of the Anchorage in Shear

kcp 1 hef 2.5inif

2 otherwise

2.0 Coefficient for pryout strength. ( ACI 318-14, Section
17.5.3.1)

Ncbg 8842.3 lbf Nag 9864.1 lbf Use the lesser of Ncbg from Equation 17.4.2.1b or Nag from
17.4.5.1b per ACI 318-14, Section 17.5.3.1).

The nominal pryout strength of the anchorage in shear per ACI
318-14, Equation 17.5.3.1a.Vcp kcp Ncbg 17684.7 lbf

ϕVcp ϕv_c Vcp 12379.3 lbf Shear pryout strength incorporating strength reduction factors.

 Determine Governing Failure Strength

Governv "Steel failure governs (Ductile Failure)." ϕVsa min ϕVcb ϕVcpif

"Concrete breakout governs (Brittle Failure)." ϕVcb min ϕVsa ϕVcpif

"Concrete pryout governs (Brittle Failure)." otherwise

Governv "Steel failure governs (Ductile Failure)."

Sheargovern ϕVsa ϕVsa min ϕVcb ϕVcpif

ϕVcb ϕVcb min ϕVsa ϕVcpif

ϕVcp otherwise

The governing allowable shear capacity of the anchorage.

Sheargovern 3576 lbf

Shear_Check "Anchor capacity in shear is OK." Sheargovern Vstudif

"Anchor capacity in shear is NOT OK" otherwise

Vstud 80.2 lbf

Shear_Check "Anchor capacity in shear is OK." Check to determine the adequacy of the anchors in shear.

Governt "Steel failure governs (Ductile Failure)." ϕNsa min ϕNcb ϕNagif

"Concrete breakout governs (Brittle Failure)." ϕNcb min ϕNsa ϕNagif

"Bond strength governs (Brittle Failure)." otherwise

Governt "Concrete breakout governs (Brittle Failure)."

Tensilegovern ϕNsa ϕNsa min ϕNcb ϕNagif

ϕNcb ϕNcb min ϕNsa ϕNagif

ϕNag otherwise

The governing allowable tensile capacity of the anchorage.

Tensilegovern 4311 lbf
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Tension_Check "Anchor capacity in tension is OK." Tensilegovern Tstudif

"Anchor capacity in tension is NOT OK" otherwise

Tstud 1170 lbf

Tension_Check "Anchor capacity in tension is OK." Check to determine the adequacy of the anchors in tension.

DCRtens
Tstud

Tensilegovern
0.27

DCRshear
Vstud

Sheargovern
0.02

DCR DCRtens DCRshear 0.2if

DCRshear DCRtens 0.2if

1
1.2

DCRtens DCRshear otherwise

0.27 The DCR ratio is less than 1.0; therefore, OK
ACI 318-14, Section 17.6.
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8.5  Check Temperature and Shrinkage Reinforcement (based on ACI 318-14, Section 24.4.3.2)

Due to the (minimal) loads, the anchor wall is adequate for flexure and only temperature and shrinkage reinforcement is
required for the rebar in the wall.

hc 36in Thickness of the concrete wall.

b 27in Width of the wall for rebar design.

Area of steel required by temperature and shrinkage. (ACI 318-14,
Table 7.6.1.1)Asteel 0.0018 b hc 1.75 in2

A4 0.20in2 n 9 Area and number of #4 bars. (ACI 318-14, Appendix A)

As_provided A4 n 1.8 in2 > Asteel 1.75 in2 The current design is adequate as designed with (9) #4 bars,
continuous, w/# 4 ties @ 12".

slong 10 in < 18 in OK

strans 12 in < 18 in OK
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8.6  Check Minimum Reinforcement (based on ACI 318-14, Section 13.3.5 for Walls as Grade Beams)

bw 27 in Width of wall.

slong 10.0 in Rebar spacing for longitudinal bars, previously defined.

strans 12.0 in Rebar spacing for transverse bars, previously defined.

per ACI 318-14, Section 13.3.5 & 11.6:

Min long reinf As.l 0.0012 bw slong 0.3 in2 Min transverse reinf As.t 0.0020 bw strans 0.6 in2

n 4 Minimum number of bars provided per rebar spacing.

As_prov_long A4 n 0.8 in2 #4 bars @ 10" spg OK > As.l 0.3 in2

As_prov_trans A4 n 0.8 in2 #4 ties @ 12" spg OK > As.t 0.6 in2
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8.7  Check Shear Capacity of Anchor Wall

d 36 in 3 in 0.5 in
0.5 in

2
32.3 in Distance from extreme compression fiber to centroid of

longitudinal tension reinf.

ϕshear 0.75 Shear reduction factor. (ACI 318-14, Table 21.2.1)

Modification factor for normalweight concrete. (ACI 318-14,
Section 19.2.4.2)λ 1.0

ϕVc ϕshear 2λ psi
f'c
psi

bw d 88 kip Shear strength of the evaluated concrete anchor wall
section. (ACI 318-14, Section 22.5.5.1)

Vu Fv_comb
2 Fh

2 517.2 lbf Resultant shear demand.

   Vu
ϕVc

2
43808.8 lbf > No shear reinforement is required per ACI 318-14 Table 7.4.2.2

DCRshear
Vu
ϕVc

0.006
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8.8  Check Torsional Shear on Anchor Wall

Acp bw h 1944.0 in2 Area enclosed by outside perimeter of section per SP-17 (14),
Volume 1, Chapter 7, Figure 7.4.3a.

Pcp 2 bw h 198.0 in Outside perimeter of concrete section per SP-17 (14), Volume 1,
Chapter 7, Figure 7.4.3a.

ϕt 0.75 ACI 318-14, Table 21.2.1

ϕTth ϕt λ psi
f'c
psi

Acp
2

Pcp
80022.8 ft lbf Threshold torsion ACI 318-14, Table 22.7.4.1 (a),

nonprestressed member

Tu Mot 1154.5 ft lbf Torsional moment on anchor wall, previously defined.

ϕTth 80022.8 ft lbf > Tu 1154.5 ft lbf Torsional effects can be neglected, ACI 318-14,
Section 22.7

DCRtorsion
Tu
ϕTth

0.014
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8.9  Check Soil Bearing Pressure  

The following section will determine if the concrete anchor wall is adequately sized to distribute the load to the soil at
an adequate pressure

lcf 36 in 2 8 in 2.5 in 2 7.1 ft Length of the concrete wall considered (based on 45 deg
distribution).

wcf 27 in The width of the concrete wall footing. (H-2-838750)

tcf 36in The depth of the concrete wall footing. (H-2-838750)

ρc 150pcf Typical density of concrete.

Wcf ρc wcf lcf tcf 7171.9 lbf The weight of a concrete footing.

In-plane moment on the footing. (ASCE 7-10, Section 2.4.1
Equation 5)M1 0.6Fw

h
2

217.5 ft lbf

M2 0.7 Fp
2
3

h 161.5 lbf ft In-plane moment on the footing. (ASCE 7-10, Section
2.4.1 Equation 5)

M max M1 M2 217.5 ft lbf Maximum in-plane moment on the anchor wall footing.

Q Wttot Wcf 7498.9 lbf The total vertical force bearing on the soil at each tower
column.

The resulting eccentricity, which is the moment divided by total
bearing load. (Das, pg. 147, Equation 3.51)e

M
Q

0.3 in
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qmin max
Q

wcf lcf

6 M

lcf
2wcf

0psf 459.0 psf Minimum Soil Pressure under footing. (Principles of
Foundation Engineering, Das, Eq 3.53, pg 147)

qmax
Q

wcf lcf

6 M

lcf
2wcf

482.1 psf Maximum Soil Pressure under footing. (Principles of
Foundation Engineering, Das, Eq 3.52, pg 147)

pallow_sb 2000psf The allowable bearing pressure of the soil. (IBC 2015, Table
1806.2, material class 3)

The demand capacity ratio for the soil bearing pressure. The
footing has a DCR lower than 1.0, therefore it is OK.DCRsb

qmax
pallow_sb

0.24
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8.9  Check Connection Clip Welds at Base of Tension Tower  

Weld Geometry:

b 4 in Weld width.
d 2 in Weld length.

wact
3
16

in Weld size.

FEXX 70 ksi Ultimate stress of the weld metal.

Envelope connection forces and moments, (conservative since loads are based on LRFD load combinations for AHR's)

Fh 240.5 lbf Maximum horizontal load, previously defined.

Maximum vertical load, previously defined.Fv_comb 457.9 lbf

Maximum moment, previously defined.Mot 13854.2 in lbf

P 0 lbf V2
Fh
2

120.2 lbf V3
Fv_comb

2
228.9 lbf

T
Mot

2
6927.1 in lbf M2 0 in lbf M3 0 in lbf

Weld Properties Per Blodgett 1991, Table 5, Page 7.4-7.

C2
b
2

C2 2.0 in The distance from the neutral axis to the outer fiber along
the 2-2 axis.

C3
d2

2d b
C3 0.5 in The distance from the neutral axis to the outer fiber along

the 3-3 axis.

Aw2 b Aw2 4.0 in The linear shear area of the weld along the 2-2 axis.

Aw3 2 d Aw3 4.0 in The linear shear area of the weld along the 3-3 axis.
 (AISC SPEC, Eqn. C-G4-1)
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Jw
b 2d( )3

12
d2 b d( )2

b 2 d( )
Jw 24.7 in3 The linear polar moment of inertia.

Alin
V2

Aw2

T C3
Jw

2 V3
Aw3

T C2
Jw

2

Alin 641.9
lbf
in

Linear weld stress.

Check weld strength: 

Ωw 2 weld metal AISC SPEC., Table J2.5

Rn
0.6 FEXX

Ωw
Rn 21.0 ksi Allowable weld stress.

Ru
Alin

0.707wact
Ru 4.8 ksi Actual stress in the weld.

DCR
Ru
Rn

0.23 The demand/capacity ratio is < 1; therefore, OK.
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8.10 Check the Adequacy of the HSS Tension Tower Posts

Note: The HSS tension towers incorporate three narrow cutouts on the inside face of the posts for view ports. The cutouts
are approximately 1" wide by 1'-6" long. Compression and shear  checks are performed based on these net section areas.

8.10.1 HSS Tension Tower Posts Loaded in Compression (Column)

This section analyzes the tension tower HSS posts for compression under gravity and earthquake loading. This force will be
included with the bending of the columns due to earthquake loading and cable tension loads. 

Envelope connection forces and moments, (conservative since loads are based on LRFD load combinations for AHR's)

Fv_comb 457.9 lbf Maximum vertical load, previously defined.

Common Steel Properties:

ν 0.3 Poisson ratio

E 29000 ksi Steel modulus of elasticity. (AISC 14th Ed., Table B4.1b)

Steel - rectangular HSS:

Rectangular HSS shall be fabricated from ASTM A500 Gr B:

fy500 46000 psi minimum yield stress, AISC, Table 5-5.

fu500 58000 psi minimum ultimate tensile stress, AISC Table 5-5.

Let: Fy fy500 46.0 ksi Fu fu500 58.0 ksi

G
E

2 1 ν( )
11153.8 ksi

Member properties ref AISC [2014]

Section input table (all sections in Manual of Steel Construction, Allowable Stress Design, Fourteenth Edition)

Member "HSS8X8X1/4"

Variables in data file

Sect "HSS8X8X1/4" Wt 25.8 plf A 7.10 in2
Ht 8.0 in b 8.0 in tnom 0.3 in
tdes 0.2 in b_t 31.3 Ht_t 31.3

Ix 70.7 in4 rx 3.2 inZx 20.5 in3
Sx 17.7 in3

Iy 70.7 in4 ry 3.2 inZy 20.5 in3
Sy 17.7 in3

J 111.0 in4 C 28.1 in3
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Nominal strength for compression members. (ANSI/AISC 360-14 Chapter E)

Ωc 1.67
Safety factor for compression, AISC 14th Ed., Section B 3.7.

Flexural Buckling - E-3

Determine governing slenderness ratio

rx 3.2 in HSS strong axis radius of gyration.

ry rx HSS weak axis radius of gyration.

Buckling over entire length of column:

Estimated length factor for end fixity conditions of the column,
(AISC 14th Ed., Comm. 7.2, Table C-A-7.1, Case (e))K 2.1

L h Column height (previously defined).

SR
K L
rx

48.0 Slenderness ratio.

λcx SR 48.0 λcy SR 48.0

Limits for b/t ratio - Table B4.1 

λp 1.12
E
Fy λp 28.1 Check for compact section - AISC 14th Ed., Table

B4.1.

λr 1.40
E
Fy λr 35.2 Check for non-compact section - AISC 14th Ed., Table B4.1.

b_t 31.3 Ht_t 31.3 Width-to-thickness ratios.

rb_t b_t b_t Ht_tif

Ht_t otherwise
rb_t 31.3

SECTION "COMPACT" rb_t λpif

"NONCOMPACT" λp rb_t λrif

"SLENDER" otherwise

SECTION "NONCOMPACT"

λc max λcx λcy Maximum slenderness ratio.
λc 48.0

Fe
π

2 E

λc
2 Fe 124.2 ksi Elastic buckling stress, AISC 14th Ed., Eq. E3-4.
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Fcr 0.658

Fy

Fe Fy λc 4.71
E
Fy

if

0.877 Fe otherwise

Fcr 39.4 ksi AISC 14th Ed., Eq's E3-2 and E3-3.

Ag_net A tdes 1 in 6.9 in2 Net section area including the 1" wide by 1'-6" long view ports. 

Pn Fcr Ag_net Pn 270.5 kip Nominal compressive strength, AISC 14th Ed., Eq. E3-1.

Pc
Pn
Ωc

162.0 kip Axial capacity of HSS 8x8x1/4

8.10.2 HSS Tension Tower Posts Loaded in Bending (Column)

Envelope connection forces and moments, (conservative since loads are based on LRFD load combinations for AHR's)

Mot 13854.2 in lbf Maximum moment, previously defined.

Nominal strength for Square and Rectangular HSS and Box-Shaped Members in flexure. (ANSI/AISC 360-10
Chapter F-F7.)

Ωb 1.67 Safety factor for flexure, AISC 14th Ed., Section F1.

SECTION "NONCOMPACT"

Note: HSS is noncompact section. Limit state of
local flange buckling and local web buckling
apply.

AISC 14th Ed., F7.2, F2.3

Mn Fy Zx 943.0 kip in Nominal flexural strength, AISC 14th Ed., Eq F7-1

Mp Mn AISC 14th Ed., Eq F7-1.

Mn_fb Mp Mp Fy Sx 3.57 b_t
Fy
E

4.0 885.0 kip in Nominal flexural strength for flange buckling,
AISC 14th Ed., Eq. F7-2.

Mn_wb Mp Mp Fy Sx 0.305 Ht_t
Fy
E

0.738 989.1 kip in Nominal flexural strength for web buckling,
AISC 14th Ed., Eq. F7-5.

Mn min Mn_fb Mn_wb Mp 885.0 kip in Nominal flexural strength, AISC 14th Ed., Section F7. 
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Mc
Mn
Ωb

Mc 529.9 kip in Flexural capacity of HSS 8x8x1/4.

The demand to capacity ratio for the tension tower posts in
compression. Since the DCR is less than 1.0, the posts are
adequate in compression.

DCRvc
Fv_comb

Pc
0.003

The demand to capacity ratio for the tension tower posts in
bending. Since the DCR is less than 1.0, the posts are adequate in
bending.

DCRf
Mot
Mc

0.03

8.10.3 HSS Tension Tower Posts Loaded in Shear (Column)

Envelope connection forces and moments, (conservative since loads are based on LRFD load combinations for AHR's)

Fh 240.5 lbf Maximum horizontal load, previously defined.

Nominal strength for hollow rectangular members in shear (AISC 14th Edition Chapter G-G5);

The nominal shear strength, Vn, of rectangular HSS and box members shall be determined using the provisions of
Section G2.1 with Aw = 2ht where h for the width resisting the shear force shall be taken as the clear distance
between the flanges less the inside corner radius on each side and tw = tdes and kv = 5. If the corner radius is not
known, h shall be taken as the corresponding outside dimension minus three times the thickness.

hv.HSS Ht 3 tdes Awx.HSS_net 2 hv.HSS tdes tdes 1 in 3.2 in2

Net section areas including the 1"
wide x 1'-6" lg. view ports.bv.HSS b 3 tdes Awy.HSS_net 2 bv.HSS tdes tdes 1 in 3.2 in2

Based on AISC 14th Eq's G2-3, G2-4 and G2-5 kv.HSS 5

λv.HSS
kv.HSS E

Fy
56.1

Cvx.HSS 1
bv.HSS

tdes
1.10 λv.HSSif

tdes
bv.HSS

1.10
kv.HSS E

Fy
1.10 λv.HSS

bv.HSS
tdes

1.37 λv.HSSif

1.51 E kv.HSS
Fy

tdes
bv.HSS

2

otherwise

bv.HSS
tdes

31.3

1.10 λv.HSS 61.8

Cvx.HSS 1.0
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Cvy.HSS 1
hv.HSS

tdes
1.10 λv.HSSif

tdes
hv.HSS

1.10
kv.HSS E

Fy
1.10 λv.HSS

hv.HSS
tdes

1.37 λv.HSSif

1.51 E kv.HSS
Fy

tdes
hv.HSS

2

otherwise

hv.HSS
tdes

31.3

Cvy.HSS 1.0

The nominal shear strength, Vn, of unstiffened or stiffened webs, according to the limit states of shear yielding
and shear buckling AISC 14th Ed., Eq. G2-1, is:

Ωv 1.5 ASD reduction factor for members in shear AISC 14th,
Section G1

Vnx.HSS 0.6 Fy Awx.HSS_net Cvx.HSS 87.5 kip AISC 14th Ed., Section G2-1.

Vny.HSS 0.6 Fy Awy.HSS_net Cvy.HSS 87.5 kip AISC 14th Ed., Section G2-1.

Vcx.HSS
Vnx.HSS

Ωv
58.3 kip Factored allowable shear load for HSS strong axis.

Vcy.HSS
Vny.HSS

Ωv
58.3 kip Factored allowable shear load for HSS weak axis.

The demand to capacity ratio for the tension tower posts in shear.
Since the DCR is less than 1.0, the posts are adequate in shear.DCRhs

Fh
Vcx.HSS

0.004
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8.10.4 HSS Tension Tower Posts Loaded in Torsion (Column)

Torsional Strength of Round and Rectangular HSS (AISC 14th Edition Chapter H-H3):

h_tHSS max
bv.HSS

tdes

hv.HSS
tdes

31.3

AISC 14th Eq's H3-3, H3-4 and H3-5 2.45
E
Fy

61.5

Fcr.HSS.tor 0.6 Fy h_tHSS 2.45
E
Fy

if

0.6 Fy 2.45
E
Fy

1
h_tHSS

2.45
E
Fy

h_tHSS 3.07
E
Fy

if

0.458 π
2 E h_tHSS

2 otherwise

Fcr.HSS.tor 27.6 ksi

The nominal torsional strength, Tn, according to the limit states of torsional yielding and torsional buckling is:

CHSS C 28.1 in3 HSS torsional constant, previously defined.

Tn.HSS Fcr.HSS.tor CHSS 775.6 kip in AISC 14th Ed., Eq. H3-1

The allowable torsional strength, Tn/ T , for round and rectangular HSS shall be determined as follows:

ΩT 1.67 ASD reduction factor for members in torsion AISC 14th Ed.,
Section H3.1.

Tc.HSS
Tn.HSS
ΩT

464.4 kip in Factored allowable torsion on HSS

ecccable 2 in Eccentricity of applied tension cable force at top of HSS post,
conservative. 

The demand to capacity ratio for the tension tower posts in
torsion. Since the DCR is less than 1.0, the posts are adequate in
torsion.

DCRt
Fh ecccable

Tc.HSS
0.001

8.10.5   HSS Tension Tower Posts Subject to Combined Axial, Flexure, Shear and Torsion 

The DCR for members subject to combined torsion, shear,
flexure and axial force is less than 1.0; Therefore, OK. (AISC
14th Ed., Eq. H3-6)

DCRHSS DCRvc DCRf DCRhs DCRt
2 0.03
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Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

1.0 PURPOSE

The purpose of this calculation is to design the concrete Catch Basin (CB) and pipe support anchors for the 
Liquid Effluent Retention Facility (LERF) Basin 41.

2.0 METHODOLOGY

Wind, seismic, dead and fluid loads for the CB are calculated using ASCE 7-10, Minimum Design Loads on 
Buildings and Other Structures and TFC-ENG-STD-06, Design Loads for Tank Farm Facilities.

The concrete adhesive anchor bolts are analyzed using Chapter 17 of ACI 318, Building Code Requirements for 
Structural Concrete and Commentary and ESR-3187, Hilti HIT-HY 200 Adhesive Anchors and Post Installed 
Reinforcing Bar Connections in Concrete. Stability of the concrete catch basin on soil is checked using IBC 
and Principles of Foundation Engineering.

3.0 DESIGN INPUTS

1. Pipe support anchor loads are calculated using ASCE 7-10.
2. The CB is General Service per MT-50497.
3. The compressive strength of the concrete is 4500 psi per RPP-SPEC-63632. 
4. Specific gravity of LERF fluid flow is taken as 1.0*SpG water per RPP-CALC-63650.
5. Nominal strength of anchor rods is based on ASTM F593 CW-1, stainless steel material per ESR-3187,

Table 11 and RPP-SPEC-63632.
6. Dimensions of the CB are based on Drawing H-2-838751, Sheets 1-5.
7. Tributary spacing of the pipe supports are derived from Drawing H-2-838767, LERF Basin 41, Catch 

Basin Assembly, Sheet 3.
8. Pipe diameter, support details are found in H-2-838771, LERF Basin 41, Catch Basin Piping Notes and 

Parts List, Isometric, Assembly & Details.

4.0 ASSUMPTIONS

None.

5.0 COMPUTER SOFTWARE

No unverified computer software was used in this analysis.  Mathcad®1 15.0 was used for the hand calculations.  
Calculations are checked using a handheld calculator.     

1 Mathcad is a registered trademark of PTC, Inc., Needham, Massachusetts.
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Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

6.0 RESULTS

The Hilti®2 HIT-HY 200 adhesive anchor system is adequate using a 1/2” stainless steel threaded anchor rods 
with 3 ½” embedment depth for the pipe support anchors and 5/8” stainless steel threaded anchor rods with 3 
7/8” embedment depth for the weight anchors (eye bolts). The 8” concrete CB slab is adequate with #5 rebar 
spaced 9” on center each way.

TABLE:  Results Summary
Pipe Support Adhesive Anchors DCR
DCR tension 0.07
DCR shear 0.01
DCR per ACI 318, Equation 17.6.3 0.01

Weight Anchor (Eye Bolt) Adhesive Anchors DCR
DCR tension 0.45
DCR shear 0.08
DCR per ACI 318, Equation 17.6.3 0.45

CB Slab DCR
DCR one-way shear 0.2
DCR punching shear 0.05
DCR soil bearing 0.19

Pipe Support Post Weld DCR
DCR weld 0.59

7.0 REFERENCES

ACI 318-14, Building Code Requirements for Structural Concrete and Commentary, 2014, American Concrete 
Institute, Farmington Hills, MI.

AISC 325-11, Steel Construction Manual, American Institute of Steel Construction, 14th Edition, 2011, 
Chicago, IL.

ASCE 7-2010, Minimum Design Loads for Buildings and Other Structures, 2010, American Society of Civil 
Engineers, Reston, VA.

Das, Braja M., Principles of Foundation Engineering, Sixth Ed., 2007, Cengage Learning, Stamford, CT

2 Hilti and HIT-HY are registered trademarks of Hilti Aktiengesellschaft, Schaan, Liechtenstein
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Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

7.0 REFERENCES CONT’D

ESR-3187, Hilti HIT-HY 200 Adhesive Anchors and Post Installed Reinforcing Bar Connections in Concrete,
Reissued March 2016, ICC Evaluation Services, Whittier, CA., (See Attachment 1 for Excerpt).

H-2-838750, Rev. 0, Sheet 1, LERF Basin 41 Civil Top Liner, U.S. Department of Energy, Richland, WA.

H-2-838751, Rev. 0, Sheets 1-5, LERF Catch Basin 41 Structural Plan & Section, Details, and Elevation & 
Details, U.S. Department of Energy, Richland, WA. 

H-2-838767, Rev. 0, Sheets 1-11, LERF Basin 41, Catch Basin Notes & Parts List, Isometric, Assembly,
Sections, Details & Weldments, U.S. Department of Energy, Richland, WA. 

H-2-838771, Rev. 0, Sheets 1-10, LERF Basin 41, Catch Basin Piping Notes and Parts List, Isometric, 
Assembly & Details, U.S. Department of Energy, Richland, WA.

IBC 2015, International Building Code, International Code Council, 2015, Country Club Hills, IL.

MT-50497, Rev 00, Liquid Effluent Retention Facility (LERF) Basin 41, U.S. Department of Energy, Richland, 
WA.

PH-20, Pipe Hangers & Supports, B-Line Series Catalog.

RPP-CALC-63650, Rev 0, Leachate and Basin Pump Flow Calculation, U.S. Department of Energy, Richland, 
WA.

RPP-SPEC-63632, Rev 0, Construction Specification for LERF Basin 41 Design, U.S. Department of Energy, 
Richland, WA.

TFC-ENG-STD-06, Rev. D-2, Design Loads for Tank Farm Facilities, U.S. Department of Energy, Richland, 
WA.
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8.0  CALCULATIONS
NOTE:  Use B3088S-2 1/2 Seismic Base Stand dimensions to get maximum applied loads.

8.1  Determine Wind Loads
V 110mph Wind Speed, (TFC-ENG-STD-06, Table 3 for WDC-1/NDC-1).

Kd 0.95 Wind Direction factor for  Round Chimneys, Tanks and Similar
Structures, (ASCE 7-10, Section 26.6 and Table 26.6-1).

Velocity Pressure coefficient for Design Exposure C. (ASCE 7-10,
Table 29.3-1)Kz 0.85

Kzt 1.0 Topographic factor. (ASCE 7-10, Section 26.8.2)

G 0.85 Gust Effect factor. (ASCE 7-10, Section 26.9.1)

Dpost 2.88in Outside diameter of B-Line B3088S-2 1/2 Seismic Base Stand,
Sch 40.

Dpipe 4.5 in Outside diameter of largest pipe 4" Sch. 40 (H-2-838767, Item
18).

tbase_plate
3
8

in Plate Thickness of B3088S-2 1/2.

CB3090 4in
1
16

in 0.3 ft Distance from the bottom of the B3090 gusset to the certerline
of the pipe  (e.g., 'C' dimension in B-Line Catalog, page 132).

h 22in
1
8

in tbase_plate CB3090 2.2 ft Maximum seismic base stand height.

Estimated contributary pipe and
insuation length supported by one
seismic base stand.
(H-2-838767,SH 3 Section E3-E5)

s max 282in
15
16

in 105in
7
8

in 434in
15
16

in 282in
15
16

in 14.8 ft

Velocity pressure calculated at mean height h. (ASCE 7-10,
Equation 29.3-1)qz 0.00256 Kz Kzt Kd

V
mph

2
psf 25.0 psf

h
Dpipe

5.9 Ratio of CL height of piping above CB floor to nominal diameter of
pipe diameter used.

ASCE 7-10, Figure 29.5-1 for Chimneys, tanks, rooftop
Equipment, & Similar Structures).

Dpipe
in( )

qz
psf( )

22.5 > 2.5

Cf
0.6 0.5( ) 7 1.5( )

7 1( )
0.6 0.51 Net force coefficient (by extrapolation), wind normal to face,

(ASCE 7-10, Figure 29.5-1 for round Chimneys, tanks, rooftop
Equipment, & Similar Structures).

insulthk 5 in Estimated insulation thickness.

Af s Dpipe insulthk 2 17.8 ft2 Projected area normal to the wind including insulation.

Fw qz G Cf Af 192.7 lbf Design wind load on other structures. (ASCE 7-10, Equation
29.5-1)

Mathcad
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8.2  Determine Seismic Loads
Weight of B3088S-2 1/2 Seismic Base Stand.  (B-Line Catalog,
page 128)Wbase_stand

1638lbf
100

16.4 lbf

Weight of B3090-4 Pipe Support with U-Bolt.  (B-Line Catalog,
page 132)Wpipe_support

586lbf
100

5.9 lbf

Estimated contributary pipe weight supported by one pipe support
post based on 4" dia. Sch 40S SST pipe.  (see Attachment 2)W4_40s 11 plf s 162.3 lbf

Winsul 5 plf s 73.8 lbf Estimated weight of 5" thickness insulation.

Specific weight of basin fluid is based on RPP-CALC-63650,
"Leachate and Basin Pump Flow Calculation" which uses the
specific gravity of water.

ρwaste 1.0 62.4
lbf

ft3
62.400

lbf

ft3

Fluid weight is based on the full flow area of a Sch 40S 4-inch
dia.stainless steel pipe (see Attachment 2), conservative.Fwt

π Dpipe 0.237 in 2 2

4
s ρwaste 81.4 lbf

Estimated total dead load on one pipe support post including 15%
contingency for miscellaneous pipe support fittings and pipe
couplings etc.

Wtot Wbase_stand
Wpipe_support
W4_40s Winsul Fwt

1.15 390.7 lbf

SDS 0.588 Horizontal five-percent damped design spectral response
acceleration at short periods. (TFC-ENG-STD-06)

z_h 1.0 Ratio of the height in structure of point of attachment of
component to the average roof height of structure.

Ip 1.0 Component importance factor for SDC-1 loading.
(TFC-ENG-STD-06)

Component amplification factor for piping in accordance with
ASME B31, joint made by welding or brazing. (ASCE 7-10, Table
13.6-1)

ap 2.5

Component response modification factor for piping in accordance
with ASME B31, joint made by welding or brazing. (ASCE 7-10,
Table 13.6-1)

Rp 12

Fpnom
0.4 ap SDS Wtot

Rp

Ip

1 2 z_h( )[ ] 57.4 lbf The horizontal seismic force. (ASCE 7-10, Equation 13.3-1)

Fpmax 1.6SDS Ip Wtot 367.5 lbf The maximum lateral seismic force. (ASCE 7-10, Equation 13.3-2)

Fpmin 0.3SDS Ip Wtot 68.9 lbf The minimum lateral seismic force. (ASCE 7-10, Equation 13.3-3)

Fp Fpmin Fpnom Fpminif

Fpmax Fpnom Fpmaxif

Fpnom otherwise Fp 68.9 lbf The minimum lateral force to use for design purposes.

Fv 0.2SDS Wtot 45.9 lbf The design vertical seismic force, (ASCE 7-10, Section 13.3.1).

Mathcad
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8.3  Determine Piping Loads on the Anchors
The following section determines the anchor forces to withstand the worst case loading. 

NOTE:  Use B3088S-2 1/2 seismic
base stand dimensions to get max
moments, shears and axial force
reactions, conservative.

Plate Size Length of B3088S-2 1/2 seismic base stand.  (B-Line
Catalog, page 128)Lplate 8.5in

Edge distance/edge margin of plate fastening hole for B3088S-2
seismic base stand.  (B-Line Catalog, page 128)Astand 1.25in

Dstand 2.88 in Diameter of base stand -B3088S-2 1/2 seismic base stand. (B-Line
Catalog, page 128)

Ωo 2.5 Overstrength factor, (ASCE 7-10, Table 13-5.1, Supplement 1
is required for anchorage to concrete )

Fh_calc max 1.0Fw 1.0 Fp Ωo 192.7 lbf Calculated horizontal piping load combination per ASCE 7-10,
Section 2.3.2 including overstrength factor.

Fh_B31.3 2107 lbf Horizontal piping load combination per RPP-CALC-63779,
Appendix H including overstrength factor.

Fh_comb max Fh_calc Fh_B31.3 2107.0 lbf Governing horizontal piping load combination.

Fv_calc max 1.4 Wtot 1.2 Wtot 1.0 Fv Ωo 583.7 lbf Calculated vertical piping load combination per ASCE
7-10, Section 2.3.2 load including overstrength factor.

Fv_B31.3 479 lbf Vertical piping load combination per RPP-CALC-63779, Appendix H
including overstrength factor.

Fv_comb max Fv_calc Fv_B31.3 583.7 lbf Governing vertical piping load combination.

Base stand height.hs h
Dpipe

2
2.0 ft

Mot_calc Fh_calc hs 390.4 ft lbf Calculated overturning moment.

Mot_B31.3 1899 ft lbf Overturning moment combination per RPP-CALC-63779,
Appendix H. 

Mathcad
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Mot max Mot_calc Mot_B31.3 1899.0 ft lbf

Tension load per stud, 2 studs in tension, (moment arm is taken
to face of seismic base stand, Pt. 'O', from tension side bolts,
conservative).

Tstud
Mot

2
Lplate

2

Dstand
2

Astand

2566.2 lbf

Vstud
Fh_comb

4
526.8 lbf Shear load per stud, 4 studs in shear.

Mathcad
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8.4  Check Anchors in Accordance with ACI 318-14, Chapter 17
Define Constants

Use (4) 1/2" diameter fractional threaded rods with 3 1/2" minimum embedment depth

na 4 The number of anchors per post.

sa Lplate Astand 2 6.0 in The spacing of the anchors.

hef 2.75in The effective minimum embedment. (ESR-3187, Table 12 & 14)

na_t 2 Number of anchors resisting tension. (Moment Couple)

na_v na 4.0 Number of anchors resisting shear.

f'c 4500psi Compressive strength of concrete. (See Inputs)

kc 17 Effectiveness factor for cracked concrete. (ESR-3187, Table 12)

Cracked concrete factor for post-installed anchor in cracked
concrete. (ACI 318-14, Section 17.4.2.6)ψc_N 1.0

Strength reduction factor for steel failure in tension. (ESR-3187,
Table 11, for ASTM F593 CW stainless steel material). ϕt_s 0.65

Strength reduction factor for concrete breakout failure in tension.
(ESR-3187, Table 12)ϕt_c 0.65

Strength reduction factor for steel failure in shear. (ESR-3187,
Table 11, for ASTM F593 CW stainless steel material).ϕv_s 0.60

ϕv_c 0.70 Strength reduction factor for concrete breakout failure in shear.
(ESR-3187, Table 12)

ϕe 0.75 Tensile strength reduction factor for anchors in moderate or high
seismic risk zones. (ACI 318-14 Section 17.2.3.4.4) 

αv_seis 0.70 Seismic shear reduction factor, (ESR-3187, Table 11).

ϕd 0.75 Bond strength reduction factor, (ESR-3187, Table 14).

cac 2 hef 5.5 in Critical edge distance factor for adhesive anchors. (ACI 318-14,
Section 17.7.6)

ca1 6in Set minimum distance from the center of an anchor shaft to the
edge of concrete in the direction of the applied shear. (See ACI
318-14, Section 17.5.2.1 for illustration)

Set minimum distance from the center of an anchor shaft to the
edge of concrete in the direction perpendicular to the applied shear
(and ca1). (See ACI 318-14, Section 17.5.2.1 for illustration)

ca2 6in

ca_min min ca1 ca2 6.0 in The minimum edge distance between the edge of the concrete
and the nearest anchor.

hmin hef 1.25 in 4.0 in The minimum member thickness. (ESR-3187, Table 12)

ha 8in Actual concrete thickness. (H-2-79571)

d 0.5in Anchor rod diameter.
Mathcad
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 Determine Steel Strength of Anchors in Tension cNa 5.0 in See bond strength of anchors in tension.

Individual_Group "Analyze anchors individually according to ACI 318, Section 17.2.1.1" 3 hef sa 2 cNa saif

"Analyze anchors as a group according to ACI 318, Section 17.2.1.1" otherwise

Individual_Group "Analyze anchors as a group according to ACI 318, Section 17.2.1.1"

Nsa 14190lbf The nominal tensile strength of the threaded anchor rods is based
on ASTM F593 CW, stainless steel material per ESR-3187, Table
11).

ϕNsa ϕt_s Nsa 9223.5 lbf Tensile steel strength incorporating strength reduction factors.

 Determine Concrete Breakout Strength of Anchors in Tension

ψed_N 1 ca_min 1.5 hefif

0.7 0.3
ca_min
1.5 hef

otherwise

1.0 The modification factor for edge effects. (ACI 318-14, Section
17.4.2.5)

ψcp_N 1 ca_min cacif

max ca_min 1.5 hef
cac

otherwise

1.0 Uncracked concrete pullout factor for post-installed anchors. (ACI
318-14, Section 17.4.2.7)

λ 1.0 Modification factor for normalweight concrete. (ACI 318-14,
Section 19.2.4.2)

Basic concrete breakout strength of a single anchor in tension in
cracked concrete. (ACI 318-14, Equation 17.4.2.2a)Nb kc λ

f'c
psi

hef
in

1.5

lbf 5200.6 lbf

Projected concrete failure area of a single anchor with an edge
distance equal to or greater than 1.5 x hef. (ACI 318-14, Equation
17.4.2.1c)

ANco 9 hef
2 68.1 in2

ANc min 1.5hef ca1 sa 1.5 hef min 1.5hef ca2 sa 1.5 hef 203.1 in2 Projected concrete failure
area of the anchorage. (ACI
318-14, Section 17.4.2.1 and
Figure R17.4.2.1(b))ANc min na ANco ANc 203.1 in2

Ncb
ANc
ANco

ψed_N ψc_N ψcp_N Nb 15515.9 lbf Concrete breakout strength of the anchorage in tension. (ACI
318-14, Equation 17.4.2.1a)

ϕNcb ϕe ϕt_c Ncb 7564.0 lbf Tensile breakout strength incorporating strength reduction factors.
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Determine Bond Strength of Anchors in Tension

λa λ 1.0 ACI 318-14, Section 17.2.6 and modification factor for
normalweight concrete. (ACI 318-14, Section 19.2.4.2)

τcr 1170 psi Characteristic bond stress in cracked concrete, temperature range
A, (ESR-3187, Table 14).

τuncr 2220 psi Characteristic bond stress in uncracked concrete, temperature
range A, (ESR-3187, Table 14).

da d 0.5 in Anchor diameter, previously defined.

Nba λa τcr π da hef 5054.0 lbf Basic bond strength of adhesive anchor, (ACI 318-14, Section
17.4.5.2)

cNa 10 da
τuncr

1100 psi
7.1 in Critical edge distance, (ACI 318-14, Equation 17.4.5.1d). 

Projected influence area for a single anchor, (ACI 318-14,
Equation 17.4.5.1c).ANao 2 cNa

2 201.8 in2

ANa cNa sa ca_min cNa sa ca_min 364.9 in2 Projected influence area for a group of
anchors, (ACI 318-14, Fgure R17.4.5.1).

ANa na_t ANao 403.6 in2
Limiting value of A.Na per ACI 318-14, Section 17.4.5.1). 

Ψed_Na 1.0 ca_min 6.0 in > cNa 7.1 in Modification factor for edge effects, ACI 318-14, Equation
17.4.5.4a).

Ψcp_Na 1.0 ca_min 6.0 in > cac 5.5 in Modification factor for adhesive anchors designed for uncracked
concrete, ACI 318-14, Equation 17.4.5.5a).

Na
ANa
ANao

Ψed_Na Ψcp_Na Nba 10108.1 lbf Nominal bond strength in tension for a single adhesive
anchor in tension, (ACI 318-14, Equation 17.4.5.1a).

Nominal bond strength in tension for a single adhesive
anchor in tension incorporating strength reduction
factors, (ACI 318-14, Equation 17.4.5.1a).

ϕNa ϕe ϕd
ANa
ANao

Ψed_Na Ψcp_Na Nba 5685.8 lbf

 Determine Steel Strength of the Anchors in Shear

Individual_Group "Analyze anchors individually in shear according to ACI 318, Section 17.2.1.1" 3 hef saif

"Analyze anchors as a group in shear according to ACI 318, Section 17.2.1.1" otherwise

Individual_Group "Analyze anchors as a group in shear according to ACI 318, Section 17.2.1.1"

The nominal shear strength of the threaded anchor rods is based
on ASTM F593 CW, stainless steel material per ESR-3187, Table
11)

Vsa 8515 lbf

ϕVsa αv_seis ϕv_s Vsa 3576.3 lbf Steel shear strength incorporating strength reduction factors.
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 Determine Concrete Breakout Strength of the Anchors in Shear

ψed_V 1.0 ca2 1.5 ca1if

0.7 0.3
ca2

1.5 ca1
otherwise

0.9 Edge distance factor (Anchors not on a corner). (ACI 318-14,
Section 17.5.2.6)

ψc_V 1.0 Cracked concrete factor. (ACI 318-14, Section 17.5.2.7)

ψh_V
1.5 ca1

ha
ha 1.5 ca1if

1 otherwise

1.06 Thickness modification factor. (ACI 318-14, Section 17.5.2.8)

da d 0.5 in The outside diameter of the anchor.

The load bearing length of anchor for shear. (ACI 318-14, Section
17.5.2.2)le min 8 da hef 2.8 in

Basic concrete breakout strength
of a single anchor in shear in
cracked concrete. (ACI 318-14,
Section 17.5.2.2)

Vb min 7
le
da

0.2 da
in

λ
f'c
psi

ca1
in

1.5

lbf 9 λ
f'c
psi

ca1
in

1.5

lbf 6862.6 lbf

The projected area for a single anchor in a deep member with a
distance from edges equal or greater than 1.5 x ca1. (ACI
318-14, Equation 17.5.2.1c)

AVco 4.5 ca1
2 162.0 in2

Projected concrete failure area of the anchorage. (ACI
318-14, Section 17.5.2.1 and Figure R17.5.2.1b)AVc min ca2 1.5 ca1 1.5ca1 min 1.5 ca1 ha 120.0 in2

Vcb
AVc
AVco

ψed_V ψc_V ψh_V Vb 4852.6 lbf Nominal concrete breakout strength of anchorage in shear. (ACI
318-14, Equation 17.5.2.1a)

ϕVcb ϕv_c Vcb 3396.8 lbf Shear breakout strength incorporating strength reduction factors.

 Determine Pryout Strength of the Anchors in Shear

kcp 1 hef 2.5inif

2 otherwise

2.0 Coefficient for pryout strength. ( ACI 318-14, Section
17.5.3.1)

The nominal pryout strength of the anchorage in shear per ACI
318-14, Equation 17.5.3.1a.Vcp kcp min Ncb Na 20216.1 lbf

ϕVcp ϕv_c Vcp 14151.3 lbf Shear pryout strength incorporating strength reduction factors.

Mathcad

RPP-CALC-63664 Rev.00 5/26/2020 - 12:51 PM 17 of 43



Project No.: S54413.024

RPP-CALC-63664, Rev. 0

CALCULATION SHEET

Title:  LERF Basin 41 Catch Basin Design

Calc. No. S54413.024-S-002 
Rev. 1      Page 15 of 40 

Prepared By: RW Davidson Date: 04/27/2020
     Checked By: PP Santos Date:04/27/2020 

 Determine Governing Failure Strength

Governv "Steel failure governs (Ductile Failure)." ϕVsa min ϕVcb ϕVcpif

"Concrete breakout governs (Brittle Failure)." ϕVcb min ϕVsa ϕVcpif

"Concrete pryout governs (Brittle Failure)." otherwise

Governv "Concrete breakout governs (Brittle Failure)."

Sheargovern ϕVsa ϕVsa min ϕVcb ϕVcpif

ϕVcb ϕVcb min ϕVsa ϕVcpif

ϕVcp otherwise

The governing allowable shear capacity of the anchorage.

Sheargovern 3397 lbf

Shear_Check "Anchor capacity in shear is OK." Sheargovern Vstudif

"Anchor capacity in shear is NOT OK" otherwise

Vstud 526.8 lbf

Shear_Check "Anchor capacity in shear is OK." Check to determine the adequacy of the anchors in shear.

Governt "Steel failure governs (Ductile Failure)." ϕNsa min ϕNcb ϕNaif

"Concrete breakout governs (Brittle Failure)." ϕNcb min ϕNsa ϕNaif

"Bond strength governs (Brittle Failure)." otherwise

Governt "Bond strength governs (Brittle Failure)."

Tensilegovern ϕNsa ϕNsa min ϕNcb ϕNaif

ϕNcb ϕNcb min ϕNsa ϕNaif

ϕNa otherwise

The governing allowable tensile capacity of the anchorage.

Tensilegovern 5686 lbf

Tension_Check "Anchor capacity in tension is OK." Tensilegovern Tstudif

"Anchor capacity in tension is NOT OK" otherwise

Tstud 2566 lbf

Tension_Check "Anchor capacity in tension is OK." Check to determine the adequacy of the anchors in tension.

DCRtens
Tstud

Tensilegovern
0.45

DCRshear
Vstud

Sheargovern
0.16

Mathcad

RPP-CALC-63664 Rev.00 5/26/2020 - 12:51 PM 18 of 43



Project No.: S54413.024

RPP-CALC-63664, Rev. 0

CALCULATION SHEET

Title:  LERF Basin 41 Catch Basin Design

Calc. No. S54413.024-S-002 
Rev. 1      Page 16 of 40 

Prepared By: RW Davidson Date: 04/27/2020
     Checked By: PP Santos Date:04/27/2020 

DCR DCRtens DCRshear 0.2if

DCRshear DCRtens 0.2if

1
1.2

DCRtens DCRshear otherwise

0.45 The DCR ratio is less than 1.0; therefore, OK
ACI 318-14, Section 17.6.

8.5  Check Temperature and Shrinkage Reinforcement Minimum Requirements for Catch Basin Slab 

(REFERENCE: H-2-838751, Rev. B, Sheet 5, Zone D2-D3)

(REFERENCE: ACI 318-14)

hc 8in Thickness of the CB slab.

b 12in Width of slab for rebar design.

Area of steel required by temperature and shrinkage,
(ACI 318-14, Table 24.4.3.2).Areqd 0.0018 b hc 0.17 in2

Aprovided 0.41 in2 > Areqd 0.17 in2 Area of steel (#5 @ 9") for 1 ft wide section.  

The design is adequate with #5 bars @ 9" EW.
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8.6  Check Spacing of Shrinkage and Temperature Reinforcement 

Ref: ACI 318-14

5 hc 40.0 in

Spgbars 9 in < 18 in OK

8.7  Check Minimum Flexural Reinforcement (based on ACI 318-14, Section 7.6 for one-way slabs)

hc 8in Thickness of the CB slab.

b 12in Width of the slab for rebar design.

Areqd 0.0018 b hc 0.17 in2 Area of steel required for flexure. (ACI 318-14, Table 7.6.1.1)

Aprovided 0.41 in2 > Areqd 0.17 in2 Area of steel #5 @ 9" for 1 ft wide section.  

The design is adequate for minimum flexural reinforcement with #5 bars @ 9" EW

Ref: ACI 318-14
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8.8  Check One-Way Shear Reinforcement
Distance from extreme compression fiber to centroid of
longitudinal tension reinf.d 8 in 3 in 0.625 in

0.625 in
2

4.1 in

ϕshear 0.75 Capacity reduction factor for shear, (ACI 318-14, Table 21.2.1)

Modification factor for normalweight concrete. (ACI 318-14,
Section 19.2.4.2)λ 1.0

Shear strength of the evaluated concrete CB slab section.
(ACI 318-14, Section 22.5.5.1)Vc 2λ psi

f'c
psi

b d 7 kip

fy 60ksi Reinforcement yield strength.

nobar 5 Rebar number.  (H-2-838751, Sheet 5)

db
nobar

8
in 0.625 in Rebar diameter based on rebar number.

Av
π db

2

4
Rebar Shear Area.

Rebar Spacing.  (H-2-838751, Sheet 5)   spacing 9in

Steel Shear strength contribution adjusted for spacing.  (ACI-318,
Eqn. (22.5.10.5.3))Vs

fy Av d

spacing
8309.1 lbf

Vn Vc Vs 14849.6 lbf Nominal one-way shear strength.  (ACI 318, Eqn. (22.5.1.1)

ϕVn ϕshear Vc Vs 11137.2 lbf Factored one-way shear strength.

Vu Fv_comb
Mot

Lplate
2

5945.6 lbf Shear demand.

DCR
Vu
ϕVn

0.5 The DCR ratio is less than 1.0; therefore, OK.

8.9  Check Two-Way Punching Shear

bo Lplate
d
2

2 4 50.3 in Critical perimeter section "bo" for two-way shear, ACI 318-14,
Section 22.6.4.1 (a)

β 1.0 Ratio of long side to short side, square base plate.

From Section 22.6.5.3 of ACI 318-14, define value for corner
columns, conservative.αs 20

Modification factor for normal weight concrete. (ACI 318-14,
Section 19.2.4.2)λ 1.0
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vcA 4 λ psi
f'c
psi

268.3 psi Allowable shear loading, Table 22.6.5.2 from ACI 318-14.

vcB 2
4
β

λ psi
f'c
psi

402.5 psi Allowable shear loading, Table 22.6.5.2 from ACI 318-14.

vcC 2
αs d

bo
λ psi

f'c
psi

242.6 psi Allowable shear loading, Table 22.6.5.2 from ACI 318-14.

vc min vcA vcB vcC 243 psi Nominal shear strength.

Applied punching shear load, including LRFD load factors per
ACI 318-14, Table 5.3.1. Moment is applied as shear load acting
at center of base plate.

Vapplied_punch_CB
Fv_comb

bo d

Mot

bo d
Lplate

2
where Lplate 8.5 in

Vapplied_punch_CB 29.1 psi

DCRshear_punch_CB
Vapplied_punch_CB

ϕshear vc
0.16 DCR is less than 1.0; therefore, OK.

8.10  Check CB Soil Bearing Pressure  
The following section will determine if the concrete CB slab is adequately sized to distribute the load to the soil at an
adequate pressure. Live load on CB slab ignored due to high concentration of piping systems distributed over CB floor.

Length of CB slab section considered (based on 45 deg.
distribution of loads at edges of pipe support base plate).lcs Lplate hc 2 2.0 ft

wcs lcs Width of CB slab section considered.

hc 8.0 in Average thickness of the CB slab.

Typical density of concrete.
ρc 150pcf

Wcs ρc wcs lcs hc 416.8 lbf Weight of the CB slab area considered.

M1 0.6Fw h 255.9 ft lbf In-plane moment on the slab area. (ASCE 7-10, Section 2.4.1
Equation 5)

where h 2.2 ft

M2 0.7 Fp h 106.8 lbf ft In-plane moment on the slab area. (ASCE 7-10, Section
2.4.1 Equation 5)

Mb max M1 M2 255.9 ft lbf Maximum in-plane moment on the slab area.

Q Wtot 0.7 Fv Wcs 839.7 lbf The total unfactored vertical load bearing on the soil.

where Wtot 390.7 lbf
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eb
Mb
Q

3.7 in The resulting eccentricity, which is the moment divided by total
bearing load. (Das, pg. 147, Equation 3.51)

m
lcs
2

eb 0.7 ft

qmin max
Q

wcs lcs

6 Mb

lcs
2wcs

0psf 21.0 psf Minimum Soil Pressure under slab area. (Principles of
Foundation Engineering, Das, Eq 3.53, pg 147)

qmax
Q

wcs lcs

6 Mb

lcs
2wcs

381.9 psf Maximum Soil Pressure under slab area. (Principles of
Foundation Engineering, Das, Eq 3.52, pg 147)

pallow_sb 2000psf The allowable bearing pressure of the soil. (IBC 2015, Table
1806.2, material class 3)

The demand capacity ratio for the soil bearing pressure. The
CB slab area has a DCR lower than 1.0, therefore OK.DCRsb

qmax
pallow_sb

0.19
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8.11  Check Post Base Weld

NOTE:  Use B3088S-2 1/2 Dimensions.

V3, M3

V3, M3

V2, M2 V2, M2
P, T

d

Weld Geometry:

d 2.88 in Diameter of weld.

wact
1
4

in Weld size.

FEXX 70ksi Ultimate stress of the weld metal.

Inputs from AISC 2010, Table J2.5:

Ω 2.0 The safety factor for welds.

Rn 0.6 FEXX Rn 42.0 ksi Weld design strength.

Fh_comb 2107.0 lbf Maximum horizontal load, previously defined.

Mximum vertical load, previously defined.Fv_comb 583.7 lbf

Maximum moment, previously defined.Mot 1899.0 ft lbf

Connection forces and moments:

P Fv_comb V2 Fh_comb 2107.0 lbf V3 0 lbf

T 0 in lbf M2 Mot 1899.0 ft lbf M3 0 ft lbf
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Weld Properties Per Blodgett 1991, Table 5, Page 7.4-7.

C
d
2

C 1.4 in The distance to the outer fiber.

Aw π d Aw 9.0 in The linear area of the weld.

Aw_s
1
2
π d Aw_s 4.5 in The linear shear area of the weld (AISC 2010, Section G6-1).

Sw
π d2

4
Sw 6.5 in2 The linear section modulus.

Jw
π d3

4
Jw 18.8 in3 The linear polar moment of inertia.

The resultant vectors for the bending moments and shears in the directions of 2-2 and 3-3 axes are:

M M2
2 M3

2 M 22788.0 in lbf V V2
2 V3

2 V 2107.0 lbf

Alin
P

Aw

M
Sw

2 V
Aw_s

T C
Jw

2
Alin 3592.918

lbf
in

Linear weld stress.

Ru
Alin

0.707wact
Ru 20.3 ksi Actual stress in the weld.

DCR
Ω Ru

Rn
0.97 The demand/capacity ratio is < 1; therefore, OK.

8.12  Determine Loads on CB Wall Weight Anchor Eye Bolts

ID8_pipe 7.921 in Wt8_pipe 3.80 plf Weight and dimensions of 8" HDPE pipe based on SDR 26 (80 psi)
pressure rating, (See Attachment 3).

Wtfilled
π ID8_pipe

2

4
150

lbf

ft3
Wt8_pipe 55.1 plf Weight of 8" grout filled pipe per foot length.

Invert elevation of 8" HPDE pipe at top of liner. (See
H-2-838750 SH 2, Section D & H-838767 SH 7, Section Q-Q) Inverttop 603.17 ft

Invertbot 576.60 ft Invert elevation of 8" HPDE pipe at bottom of liner, (See
H-2-838750, SH 1, Plan).

Lriser Inverttop Invertbot 3 2 Inverttop Invertbot
2 84.0 ft Based on 3:1 slope of top liner.

(See H-2-838750, SH 1, Plan)

Wttot_8 Lriser Wtfilled 4632.2 lbf Total weight of 8" HDPE grout filled pipe.

angle tanh
1
3

18.4 deg Slope angle with respect to horizontal plane.

Down drag component along length of the 8" HDPE grout filled
pipes. Neglect friction between pipes and liner bed, conservative. Fh_8pipe Wttot_8 sin angle( ) 1463.8 lbf
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8.13   Check Weight Anchor Eye Bolts in Accordance with ACI 318-14, Chapter 17

Teye_bolt Fh_8pipe cos angle( ) 1388.8 lbf Tension load on weight anchor eye bolt.

Veye_bolt Fh_8pipe sin angle( ) 462.6 lbf Shear load on weight anchor eye bolt.

 Define Constants

Based on 5/8" diameter ASTM F593 stainless steel threaded rods with 3 7/8" maximum embedment depth

na 1 The number of eye bolts per HPDE grouted pipe.

sa 26 in Minimum spacing of the eye bolts. (See H-2-838767 SH 7,
Section P-P)

hef 3.125in The effective minimum embedment. (ESR-3187, Table 12 & 14)

na_t 1 Number of eye bolts resisting tension.

na_v 1 Number of eye bolts resisting shear.

f'c 4500psi Compressive strength of concrete. (See Inputs)

kc 17 Effectiveness factor for cracked concrete. (ESR-3187, Table 12)

Cracked concrete factor for post-installed anchor in cracked
concrete. (ACI 318-14, Section 17.4.2.6)ψc_N 1.0

ϕt_s 0.65 Strength reduction factor for steel failure in tension. (ESR-3187,
Table 11)

ϕt_c 0.65 Strength reduction factor for concrete breakout failure in tension.
(ESR-3187, Table 12)

ϕv_s 0.60 Strength reduction factor for steel failure in shear. (ESR-3187,
Table 11).

ϕv_c 0.70 Strength reduction factor for concrete breakout failure in shear.
(ESR-3187, Table 12)

ϕe 0.75 Tensile strength reduction factor for anchors in moderate or high
seismic risk zones. (ACI 318-14 Section 17.2.3.4.4) 

αv_seis 0.70 Seismic shear reduction factor, (ESR-3187, Table 11).

ϕd 0.65 Bond strength reduction factor, (ESR-3187, Table 14 for dry &
water saturated concrete installation conditions).

cac 2 hef 6.3 in Critical edge distance for adhesive anchors. (ACI 318-14, Section
17.7.6)

ca1 cac 6.3 in Limiting distance from center of anchor to edge of concrete in the
direction of applied load. (See ACI 318-14, Figures R17.4.2.1 and
R17.5.2.1 for illustration)

ca2 ca1 6.3 in Limiting distance from center of anchor to edge of concrete in the
direction perpendicular to applied load. (See ACI 318-14, Figures
R17.4.2.1 and R17.5.2.1 for illustration)
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ca_min min ca1 ca2 6.3 in The minimum edge distance between the edge of the concrete
and the nearest anchor. (Note: Envelopes actual edges distance)

hmin hef 1.25 in 4.4 in The minimum member thickness. (ESR-3187, Table 12)

ha 24in Actual concrete thickness. (H-2-838751 SH 2)

d 0.625in The anchor diameter. (ESR-3187, Table 11)

 Determine Steel Strength of Anchor in Tension

Individual_Group "Analyze anchors individually according to ACI 318-14, Chapter 17" 3 hef saif

"Analyze anchors as a group according to ACI 318-14, Section 17.2.1.1" otherwise

Individual_Group "Analyze anchors individually according to ACI 318-14, Chapter 17"

Nsa 22600lbf The tensile capacity of the anchor is based on ICC-ES Evaluation
Report ESR-3187, Table 11, for ASTM F593, stainless steel
threaded eye anchor rods.

ϕNsa ϕt_s Nsa 14690.0 lbf Tensile steel strength incorporating strength reduction factors.

 Determine Concrete Breakout Strength of Anchorage in Tension

ψed_N 1 ca_min 1.5 hefif

0.7 0.3
ca_min
1.5 hef

otherwise

1.0 The modification factor for edge effects. (ACI 318-14, Section
17.4.2.5)

ψcp_N 1 ca_min cacif

max ca_min 1.5 hef
cac

otherwise

1.0 Uncracked concrete pullout factor for post-installed anchors. (ACI
318-14, Section 17.4.2.7)

λ 1.0 Modification factor for normalweight concrete. (ACI 318-14,
Section 19.2.4.2)

Basic concrete breakout strength of a single anchor in tension in
cracked concrete. (ACI 318-14, Equation 17.4.2.2a)Nb kc λ

f'c
psi

hef
in

1.5

lbf 6299.9 lbf

Projected concrete failure area of a single anchor with an edge
distance equal to or greater than 1.5 x hef. (ACI 318-14, Equation
17.4.2.1c)

ANco 9 hef
2 87.9 in2

Projected concrete failure
area of the anchorage group.
(ACI 318-14, Section
17.4.2.1 and Figure
R17.4.2.1(b))

ANc min 1.5 hef ca1 sa 1.5 hef min 1.5 hef ca2 1.5 hef 331.6 in2

ANc min na ANco ANc 87.9 in2

e'N 0 in No eccentricity of the anchors in tension. (See ACI 318-14,
Fig R17.4.2.4 for illustration)
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ψec_N
1

1
2 e'N
3 hef

1.0 Modification factor for anchor groups loaded eccentrically in
tension. (ACI 318-14, Section 17.4.2.4, Equation 17.4.2.4)

Concrete breakout strength of the anchorage in
tension. (ACI 318-14, Equation 17.4.2.1b)Ncbg

ANc
ANco

ψec_N ψed_N ψc_N ψcp_N Nb 6299.9 lbf

ϕNcb ϕe ϕt_c Ncbg 3071.2 lbf Tensile breakout strength incorporating strength reduction factors.

Determine Bond Strength of Adhesive Anchors in Tension

λa λ 1.0 ACI 318-14, Section 17.2.6 and modification factor for
normalweight concrete. (ACI 318-14, Section 19.2.4.2)

τcr 1170 psi Characteristic bond stress in cracked concrete, temperature range
A, (ESR-3187, Table 14).

da d 0.6 in Anchor diameter, previously defined.

Nba λa τcr π da hef 7179.0 lbf Basic bond strength of adhesive anchor, (ACI 318-14, Section
17.4.5.2)

cNa 10 da
τcr

1100 psi
6.4 in Critical edge distance, (ACI 318-14, Equation 17.4.5.1d). 

Projected influence area for a single anchor, (ACI 318-14,
Equation 17.4.5.1c).ANao 2 cNa

2 166.2 in2

ANa 2 cNa cNa ca_min sa 498.9 in2 Projected influence area for a group of anchors, (ACI 318-14,
Figure R17.4.5.1).

ANa na ANao 166.2 in2
Limiting value of A.Na per ACI 318-14, Section 17.4.5.1). 

ψed_Na 1.0 ca_min 6.3 in > cNa 6.4 in Modification factor for edge effects, (ACI 318-14,
Equation 17.4.5.4a).

ψcp_Na
ca_min

cac
ca_min 6.3 in < cac 6.3 in Modification factor for adhesive anchors designed for uncracked

concrete, (ACI 318-14, Equation 17.4.5.5a).

e'N 0 in Previously defined.

ψec_Na
1

1
e'N
cNa

1.0 Modification factor for adhesive anchor group loaded
eccentrically in tension. (ACI 318-14, Equation 17.4.5.3)

Nag
ANa
ANao

ψec_Na ψed_Na ψcp_Na Nba 7179.0 lbf Nominal bond strength of group of adhesive anchors in
tension, (ACI 318-14, Equation 17.4.5.1b).

Nominal bond strength in tension for a group of adhesive
anchors in tension incorporating strength reduction factors,
(ACI 318-14, Equation 17.4.5.1b).

ϕNag ϕe ϕd Nag 3499.8 lbf
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 Determine Steel Strength of the Anchorage in Shear

Individual_Group "Analyze anchors individually in shear according to ACI 318-14, Chapter 17" 3 ca1 saif

"Analyze anchors as a group in shear according to ACI 318-14, Section 17.2.1.1" otherwise

Individual_Group "Analyze anchors individually in shear according to ACI 318-14, Chapter 17"

Vsa 13560 lbf The steel strength in shear. (ESR-3187, Table 11, ASTM
F593)

ϕVsa αv_seis ϕv_s Vsa 5695.2 lbf Steel shear strength incorporating strength reduction factors.

 Determine Concrete Breakout Strength of the Anchorage in Shear

ψed_V 1.0 ca2 1.5 ca1if

0.7 0.3
ca2

1.5 ca1
otherwise

0.9 Edge distance factor (Anchors not on a corner). (ACI 318-14,
Section 17.5.2.6)

ψc_V 1.0 Cracked concrete factor without supplementary
reinforcement, (ACI 318-14, Section 17.5.2.7)

ψh_V
1.5 ca1

ha
ha 1.5 ca1if

1 otherwise

1.00 Thickness modification factor. (ACI 318-14, Section 17.5.2.8)

da d 0.6 in The outside diameter of the anchor.

The load bearing length of anchor for shear. (ACI 318-14, Section
17.5.2.2)le min 8 da hef 3.1 in

Basic concrete breakout strength
of a single anchor in shear in
cracked concrete. (ACI 318-14,
Section 17.5.2.2)

Vb min 7
le
da

0.2 da
in

λ
f'c
psi

ca1
in

1.5

lbf 9 λ
f'c
psi

ca1
in

1.5

lbf 8003.1 lbf

The projected area for a single anchor in a deep member with a
distance from edges equal or greater than 1.5 x ca1. (ACI
318-14, Equation 17.5.2.1c)

AVco 4.5 ca1
2 175.8 in2

Projected concrete failure area of the anchorage. (ACI
318-14, Section 17.5.2.1 and Figure R17.5.2.1b)AVc 2 1.5 ca1 sa min 1.5 ca1 ha 419.5 in2

e'V 0 in No eccentricity of anchor group in shear.

ψec_V
1

1
2 e'V
3 ca1

1.0 Modification factor for anchor group loaded eccentrically in shear.
(ACI 318-14, Equation 17.5.2.5)

Vcbg
AVc
AVco

ψec_V ψed_V ψc_V ψh_V Vb 17190.7 lbf Nominal concrete breakout strength of anchorage in
shear. (ACI 318-14, Equation 17.5.2.1a)

ϕVcb ϕv_c Vcbg 12033.5 lbf Shear breakout strength incorporating strength reduction factors.

Mathcad
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 Determine Pryout Strength of the Anchorage in Shear

kcp 1 hef 2.5inif

2 otherwise

2.0 Coefficient for pryout strength. ( ACI 318-14, Section
17.5.3.1)

Ncbg 6299.9 lbf Nag 7179.0 lbf Use the lesser of N.cbg from Equation 17.4.2.1b or Nag from
17.4.5.1b per ACI 318-14, Section 17.5.3.1).

The nominal pryout strength of the anchorage in shear per ACI
318-14, Equation 17.5.3.1a.Vcp kcp Ncbg 12599.7 lbf

ϕVcp ϕv_c Vcp 8819.8 lbf Shear pryout strength incorporating strength reduction factors.

 Determine Governing Failure Strength

Governt "Steel failure governs (Ductile Failure)." ϕNsa min ϕNcb ϕNagif

"Concrete breakout governs (Brittle Failure)." ϕNcb min ϕNsa ϕNagif

"Bond strength governs (Brittle Failure)." otherwise

Governt "Concrete breakout governs (Brittle Failure)."

Tensilegovern ϕNsa ϕNsa min ϕNcb ϕNagif

ϕNcb ϕNcb min ϕNsa ϕNagif

ϕNag otherwise

The governing allowable tensile capacity of the anchorage.

Teye_bolt 1388.8 lbfTensilegovern 3071 lbf

Tension_Check "Anchor capacity in tension is OK." Tensilegovern Teye_boltif

"Anchor capacity in tension is NOT OK" otherwise

Tension_Check "Anchor capacity in tension is OK." Check to determine the adequacy of the anchors in tension.

DCRtens
Teye_bolt

Tensilegovern
0.45

Mathcad
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Governv "Steel failure governs (Ductile Failure)." ϕVsa min ϕVcb ϕVcpif

"Concrete breakout governs (Brittle Failure)." ϕVcb min ϕVsa ϕVcpif

"Concrete pryout governs (Brittle Failure)." otherwise

Governv "Steel failure governs (Ductile Failure)."

Sheargovern ϕVsa ϕVsa min ϕVcb ϕVcpif

ϕVcb ϕVcb min ϕVsa ϕVcpif

ϕVcp otherwise

The governing allowable shear capacity of the anchorage.

Sheargovern 5695 lbf Veye_bolt 462.6 lbf

Shear_Check "Anchor capacity in shear is OK." Sheargovern Veye_boltif

"Anchor capacity in shear is NOT OK" otherwise

Shear_Check "Anchor capacity in shear is OK." Check to determine the adequacy of the anchors in shear.

DCRshear
Veye_bolt

Sheargovern
0.08

DCR DCRtens DCRshear 0.2if

DCRshear DCRtens 0.2if

1
1.2

DCRtens DCRshear otherwise

0.45 The DCR ratio is less than 1.0; therefore, OK
ACI 318-14, Section 17.6.

Mathcad
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1.0 PURPOSE

The purpose of this calculation is to determine the required ballast to counteract wind uplift forces on the HDPE 
liner system. Ballast will be determined in the form of sandbags for during construction and water for post 
construction.

2.0 METHODOLOGY

Geosynthetic Design Guidance for Hazardous Waste Landfill Cells and Surface Impoundments (Reference 1) 
has a procedure on Pages VI-14 and VI-34 to calculate the wind uplift forces on a basin liner system. This
method will be used to calculate the maximum wind uplift forces on the liner system. The required water level 
to counteract the wind uplift will then be determined.

This calculation provides a recommended sandbag spacing for securing the HDPE liner during construction, 
however, the Contractor is ultimately responsible for securing the HDPE liner during construction.

3.0 DESIGN INPUTS

3.1 Wind Speed 

Design Loads for Tank Farm Facilities, TFC-ENG-STD-06, REV D-2, Table 3 (Reference 3, Page 30) provides 
the design wind speed of 110 mph. This will be the design wind speed for anchorage calculations during 
operation. During construction, a reduced wind load may be used since it will be temporary. The reduced wind 
load for during construction is from Table 3, Note e, and is 82 mph (Reference 3, Page 30)

Vop = 110 mph

Vcon = 82 mph

3.2 Water Weight 

Weight of water =Ww = 62.4 pcf

3.3 Liner Weight 

The weight of the HDPE liner is taken as 4200 lbs per 13800 sf (Reference 2).

Weight of the HDPE liner = WL = 4200 lbs / 13800 sf = 0.304 psf

3.4 Sandbag Weight 

The weight of a sandbag is taken as 50 lbs. The Contractor may need to adjust the recommended spacing 
determined in this calculation based on actual sandbag weight, or other ballast used.

Weight of sandbag = WS = 50 lbs
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4.0 ASSUMPTIONS

No assumptions have been made in this calculation.

5.0 COMPUTER SOFTWARE

No unverified computer software was used in this analysis. Calculations are checked using a handheld 
calculator. Microsoft Excel was used to generate graphs. The Microsoft Excel generated graphs were checked 
using a handheld calculator.

6.0 RESULTS

During operation and while the basin is empty, a water depth of 6 inches will counteract the wind uplift forces.
During construction, it is recommended to provide one 50 lb sandbag per 3.11 sf.

7.0 REFERENCES

1) Richardson, Gregory N., and Robert M. Koerner, Geosynthetic Design Guidance for Hazardous Waste 
Landfill Cells and Surface Impoundments, Hazardous Waste Engineering Research Laboratory, Office 
of Research and Development, U.S. Environmental Protection Agency

2) ARGU America HDPE Smooth Liner Cut Sheet
3) TFC-ENG-STD-06 REV D-2, Design Loads for Tank Farm Facilities
4) H-2-838750, Sheet 1, Rev. 0, LERF Basin 41 Civil Primary Liner

8.0 CALCULATIONS

8.1 Operation 

Table 6.2 from Reference 1, Page VI-14, is below and provides wind uplift forces based on design wind speeds 
and the height above ground. For basins located below grade it is permitted to graph the wind uplift force versus 
height above ground for a given wind speed, and then use extrapolation to determine the wind uplift force 
(Reference 1, Page VI-13).
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The below graph provides the wind uplift for a 110 mph wind speed. The maximum uplift force occurs at the 
top of the basin.

At height above ground = 0 ft, the uplift force Uop = 30.5 psf.

When the basin is complete but empty, uplift forces may be resisted by water.

Height of water = (Uop –WL) / Ww = (30.5 psf – 0.304 psf) / 62.4 pcf = 0.48 ft = 5.8 inch

Maintaining a water depth of 6 inches will result in a DCR = 5.8/6 = 0.967 < 1 okay

8.2 Construction 

Table 6.2 from Reference 1, Page VI-14, provides wind uplift forces based on design wind speeds at 10 mph 
intervals. The uplift force will be determined for an 80 mph wind speed and a 90 mph wind speed. Linear 
interpolation will be used to determine the uplift force for Vcon = 82 mph.

The below graph provides the wind uplift for Vcon_80 = 80 mph wind speed. The maximum uplift force occurs at 
the top of the basin.
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At height above ground = 0 ft, the uplift force Ucon_80 = 15.5 psf.

The below graph provides the wind uplift for Vcon_90 = 90 mph wind speed. The maximum uplift force occurs at 
the top of the basin.

At height above ground = 0 ft, the uplift force Ucon_90 = 20 psf.

Uplift force at 82 mph = Ucon = Ucon_80 + [(Ucon_90 – Ucon_80) / (Vcon_90 – Vcon_80)] x (Vcon – Vcon_80)

= 15.5 psf + [(20 psf – 15.5 psf) / (90 mph – 80 mph)] x (82 mph – 80 mph)

= 16.4 mph

Sandbag spacing = Scon = WS / (Ucon –WL) = 50 lbs / (16.4 psf – 0.304 psf) = 3.11 sf

It is recommended to place sandbags at least one 50 lb bag per 3.11 sf.
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ATTACHMENT – 1 - GEOSYTHETIC DESIGN GUIDANCE FOR HAZARDOUS WASTE 
LANDFILL CELLS AND SURFACE IMPOUNDMENTS
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