HD Engineering & Design

Solutions for all your engineering and design needs

PLAN ADDENDUM

3/30/2023
STARR HOMES

RE: MILLIGAN RESIDENCE
512 NE PROMISED VIEW DR
LEE'S SUMMIT, MO.

Our firm has been asked to address a foundation design change for the garage tall foundation.

The footing width of the foundation for the sports court area has been reduced based the support provided by
the pier supported foundation. The footing width has been reduced to 40" per the attached calculations.

The footing in place is approximately 36" wide. The current footing will be extended inward 12" with two rows
of #4 pins at 12" on center and two continuous #4 bars top and bottom.

The footing reduction requires that the floor slab and precast slab be in place prior to backfill. The foundation
for the garage will require 1/2" clean rock backfill full height.

This report has been prepared for the exclusive use of our client for specific application to the project
discussed and has been prepared in accordance with generally accepted engineering practices. No
warranties, either express or implied, are intended or made.

We appreciate the opportunity to be of service to you on this project. If you have any questions
regarding this report, please contact us.

Very truly yours,
HD ENGINEERING & DESIGN, INC.

delo

John Hulse, Principal

STRUCTURAL REVIEW
HD ENGINEERING & DESIGN
HD: 42639 DATE: 3/30/2023

11656 W. 75th Street 913-631-2222

Shawnee, KS 66214 service@hdengineers.com
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RETAINING WALL ANALYSIS

In accordance with International Building Code 2018

Retaining wall details
Stem type

Stem height

Prop height

Stem thickness

Angle to rear face of stem
Stem density

Toe length

Heel length

Base thickness

Base density

Height of retained soil
Angle of soil surface
Depth of cover

Retained soil properties
Soil type

Propped cantilever pinned at the base

hstem = 20 ft
hprop = 19 ft
tstem = 16 in
o =90 deg
ystem = 150 pcf
loe = 1 ft
Iheel = 1 ft
toase = 16 in
ybase = 150 pcf
hret = 18.5 ft
B =0deg

cover = 0 ft

Dense well graded sand and gravel

Moist density ymr = 131 pcf
Saturated density ysr = 143 pcf
Prescribed at rest lateral soil pressure por = 45 psf/ft

Base soil properties

Soil type Very Dense rock fill
Soil density vo =110 pcf
Prescribed passive lateral soil pressure pob = 60 psf/ft

Allowable bearing pressure

Loading details
Vertical line load at 2.183 ft

Pbearing = 3500 pSf

Po1 = 1200 plf
PL1 =170 plf
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Calculate retaining wall geometry
Base length

Moist soil height

Retained surface length

Effective height of wall

Area of wall stem

- Distance to vertical component
Area of wall base

- Distance to vertical component
Area of moist soil

- Distance to vertical component

- Distance to horizontal component

Soil coefficients

Coefficient of friction to back of wall
Coefficient of friction to front of wall
Coefficient of friction beneath base

From IBC 2018 cl.1807.2.3 Safety factor

Load combination 1

18' 6"

19" 10"

R Prop

3390 psf] 13390 psf

P

General arrangement

Ibase = ltoe + tstem + lheet = 3.333 ft
hmoist = hsoil = 18.5 ft

Isur = lheel = 1 ft

heft = hbase + dcover + hret = 19.833 ft
Astem = hstem * tstem = 26.667 ft?
Xstem = ltoe + tstem / 2 = 1.667 ft
Abase = Ibase * thase = 4.444 ft?

Xbase = lbase / 2 = 1.667 ft

Amoist = hmoist * Iheet = 18.5 ft?

Xmoist_v = Ibase = (Nmoist * lheet? / 2) / Amoist = 2.833 ft
Xmoist_h = heff / 3 = 6.611 ft

K = 0.325
Kwn = 0.325
Kb = 0.325

1.0 * Dead + 1.0 * Live + 1.0 * Lateral earth
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Bearing pressure check

Vertical forces on wall
Wall stem

Wall base

Line loads

Moist retained soil
Total

Horizontal forces on wall
Moist retained soil

Base soil

Total

Moments on wall
Wall stem

Wall base

Line loads

Moist retained soil
Total

Check bearing pressure
Distance to reaction
Eccentricity of reaction
Loaded length of base
Bearing pressure at toe

Bearing pressure at heel
Factor of safety

RETAINING WALL DESIGN
In accordance with ACI 318-14

Concrete details
Compressive strength of concrete
Concrete type

Reinforcement details

Yield strength of reinforcement
Modulus of elasticity or reinforcement
Compression-controlled strain limit

Cover to reinforcement
Front face of stem

Rear face of stem

Top face of base

Bottom face of base

Fstem = Astem * ystem = 4000 plf

Fbase = Abase * ybase = 667 plf

Fp_v = Po1 + Pu1 = 1370 plf

Fmoist_v = Amoist * ymr = 2428 plf

Fiotal v = Fstem + Foase + Fp_v + Fmoist v = 8465 plf

Fmoist_h = pPor * hew? / 2 = 8851 p|f
Fpass_h = -Pob * (dcover + hbase)2 /2=-53 p|f
Frotal_h = Fmoist_h + Fpass_h = 8797 plf

Mstem = Fstem * Xstom = 6667 Ib_ft/ft

Mbase = Foase * Xoase = 1111 Ib_ft/ft

Mp = ((Po1 + Pu1)) * p1 = 2991 Ib_ft/ft

Mmoist = Fmoist_v * Xmoistv = 6880 Ib_ft/ft

Miotal = Mstem + Mbase + Mp + Mmoist = 17648 Ib_ft/ft

X = Meotal / Frotav = 2.085 ft
e= X-lbase/2=0.418 ft
lioad = 2 * (Ibase - X) = 2.497 ft
Qtoe = 0 psf
Qheel = Frotal_v / load = 3390 psf
FoSbp = Pbearing / max(qtoe, gheet) = 1.032

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

Tedds calculation version 2.9.08

fc = 3500 psi
Normal weight

fy = 60000 psi

Es = 29000000 psi
ety = 0.002
Ccst=2.51in
Ccsr=2.510n

cot =3 in

cob =1.510n

From IBC 2018 cl.1605.2 Basic load combinations

Load combination no.1

1.4 * Dead
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Load combination no.2
Load combination no.3
Load combination no.4

Loading details - Combination No.1 - kipsft

Loading details - Combination No.2 - kipsft

0.28

2
4.5
6.09

1.2 *Dead + 1.6 * Live + 1.6 * Lateral earth

1.2 * Dead + 1.0 * Earthquake + 1.0 * Live + 1.6 * Lateral earth
0.9 * Dead + 1.0 * Earthquake + 1.6 * Lateral earth

'Shear force - Combination No.1 -

moment - Combination No.1 - kips_ftt

'Shear force - Combination No.2 -

0.9

moment - Combination No.2 - kips_ftft

(X
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Check stem design at 7.96 ft
Depth of section h=16in

Rectangular section in flexure - Section 22.3
Design bending moment combination 4

Depth of tension reinforcement

Compression reinforcement provided

Area of compression reinforcement provided
Tension reinforcement provided

Area of tension reinforcement provided
Maximum reinforcement spacing - ¢l.11.7.2

Depth of compression block

M = 30097 Ib_ft/ft
d=h-cst-¢sx-sm/2=12.75in

No.4 bars @ 12" c/c

Astmprov = 1t * psr? / (4 * ssm) = 0.196 in?/ft
No.4 bars @ 4" c/c

Astmprov = 1t * dstv? / (4 * sstm) = 0.589 in?/ft
Smax = min(18in, 3 * h) =18 in

PASS - Reinforcement is adequately spaced

a= AsfM.prov * fy / (085 * f'c) =0.99in
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Neutral axis factor - cl.22.2.2.4.3 B1 = min(max(0.85 - 0.05 x (f'c - 4 ksi) / 1 ksi, 0.65), 0.85) = 0.85
Depth to neutral axis c=a/p1=1165in
Strain in reinforcement €t=0.003 x (d - c)/ c = 0.029841
Section is in the tension controlled zone
Strength reduction factor ¢r = min(max(0.65 + 0.25 *(st - ey) / 0.003, 0.65), 0.9) = 0.9
Nominal flexural strength Mn = Astmprov * fy * (d - a / 2) = 36094 Ib_ft/ft
Design flexural strength OMn = ¢r x Mn = 32485 Ib_ft/ft
M/ oMn = 0.927

PASS - Design flexural strength exceeds factored bending moment
By iteration, reinforcement required by analysis Asiv.des = 0.544 in?/ft
Minimum area of reinforcement - cl.9.6.1.2 Asimmin = max(3 * V(fc * 1 psi), 200 psi) * d / fy = 0.51 in/ft
PASS - Area of reinforcement provided is greater than minimum area of reinforcement required

Check stem design at base of stem

Depth of section h=16in

Rectangular section in shear - Section 22.5

Design shear force V = 8322 Ib/ft

Concrete modification factor - ¢.19.2.4 r=1

Nominal concrete shear strength - eqn.22.5.5.1 Ve=2x A x V(fe x 1 psi) x d = 18103 Ib/ft

Strength reduction factor ¢s =0.75

Design concrete shear strength - cl.11.5.1.1 dVe = ¢s x Ve = 13577 Ib/ft
V/¢Vec=0.613

PASS - No shear reinforcement is required

Check stem design at prop

Depth of section h=16in

Rectangular section in shear - Section 22.5

Design shear force V = 3999 Ib/ft

Concrete modification factor - c.19.2.4 r=1

Nominal concrete shear strength - eqn.22.5.5.1 Ve=2x A x V(fe x 1 psi) x d = 18103 Ib/ft

Strength reduction factor ¢s =0.75

Design concrete shear strength - cl.11.5.1.1 dVe = ¢s x Ve = 13577 Ib/ft
V/¢Vc=0.295

PASS - No shear reinforcement is required

Horizontal reinforcement parallel to face of stem

Minimum area of reinforcement - ¢cl.11.6.1 Asxreq = 0.002 * tstem = 0.384 in?/ft
Transverse reinforcement provided No.4 bars @ 12" c/c each face
Area of transverse reinforcement provided Asxprov =2 * 1 * dx? / (4 * ssx) = 0.393 in?/ft

PASS - Area of reinforcement provided is greater than area of reinforcement required

Check base design at heel
Depth of section h=16in

Rectangular section in flexure - Section 22.3
Design bending moment combination 1 M = 946 Ib_ft/ft
Depth of tension reinforcement d=h-coo-¢ob/2=14.25in
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Compression reinforcement provided

Area of compression reinforcement provided
Tension reinforcement provided

Area of tension reinforcement provided
Maximum reinforcement spacing - cl.7.7.2.3

Depth of compression block
Neutral axis factor - cl.22.2.2.4.3
Depth to neutral axis

Strain in reinforcement

Strength reduction factor
Nominal flexural strength
Design flexural strength

By iteration, reinforcement required by analysis
Minimum area of reinforcement - ¢l.7.6.1.1

No.4 bars @ 16" c/c
Abtprov = * ¢ot? / (4 * sut) = 0.147 in?/ft
No.4 bars @ 6" c/c
Abbprov = 7T * o2 / (4 * sbv) = 0.393 in?/ft
Smax = min(18in, 3 * h) =18 in
PASS - Reinforcement is adequately spaced
a = Aobprov * fy / (0.85 * fc) = 0.66 in
B1=min(max(0.85 - 0.05 x (f'c - 4 ksi) / 1 ksi, 0.65), 0.85) = 0.85
c=a/p1=0.776in
&t=0.003 x (d - c)/c =0.052057
Section is in the tension controlled zone
¢r = min(max(0.65 + 0.25 *(et - eyy) / 0.003, 0.65), 0.9) = 0.9
Mn = Abbprov * fy * (d - @/ 2) = 27332 Ib_ft/ft
OMn = ¢r x Mn = 24599 |b_ft/ft
M/ oMn = 0.038
PASS - Design flexural strength exceeds factored bending moment
Abb.ges = 0.015 in?/ft
Abbmin = 0.0018 * h = 0.346 in?/ft

PASS - Area of reinforcement provided is greater than minimum area of reinforcement required

Rectangular section in shear - Section 22.5
Design shear force

Concrete modification factor - ¢.19.2.4
Nominal concrete shear strength - eqn.22.5.5.1
Strength reduction factor

Design concrete shear strength - ¢l.7.6.3.1

Check base design at heel
Depth of section

Rectangular section in shear - Section 22.5
Design shear force

Concrete modification factor - c.19.2.4
Nominal concrete shear strength - eqn.22.5.5.1
Strength reduction factor

Design concrete shear strength - ¢l.7.6.3.1

Transverse reinforcement parallel to base
Minimum area of reinforcement - cl.7.6.1.1
Transverse reinforcement provided

Area of transverse reinforcement provided

V = 1377 Ib/ft
A=1
Ve =2 x A x V(fe x 1 psi) x d = 20233 |b/ft
¢s = 0.75
dVe = ¢s x Ve = 15175 Ib/ft
V/ ¢Ve = 0.091
PASS - No shear reinforcement is required

h=16in

V = 1631 Ib/ft
A=1
Ve =2 x A x V(fe x 1 psi) x d = 20233 Ib/ft
¢s = 0.75
dVe = ¢s x Ve = 15175 Ib/ft
V/¢Ve=0.108
PASS - No shear reinforcement is required

Abx.req =0.0018 * tbase = 0.346 |n2/ft
No.4 bars @ 12" c/c each face

Abxprov = 2 * 1T * dox? / (4 * sbx) = 0.393 in%/ft

PASS - Area of reinforcement provided is greater than area of reinforcement required
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No.4 bars @ 16" c/c

2.5"»{ M ‘«2!@.4 bars @ 12" clc

horizontal reinforcement
parallel to face of stem

No.4 bars @ 8" c/c—i «—No.4 bars @ 12" c/c

No.4 bars @ 4" c/c—i «—No.4 bars @ 12" c/c

No.4 bars @ 4" c/lc No.4 bars @ 12" c/lc

—

ooz

e

No.4 bars @ 6" c/c

No.4 bars @ 12" c/c
transverse reinforcement

Reinforcement details




