CLIENT ODOT PROJECT NO. 1122-1001-00

PROJECT CUY-271-0.00 (PID 80418)
SUBJECT Reinforced Concrete Retaining Wall Design COMP. BY ASP DATE 3/17/2014

Dimensions and Weights for Concrete Design

Footing width, W = 950 ft = 114.00 in Concrete weight, w, = 0.150  kcf
Water weight, w,, = 0.062  kcf

Footing heel width, Wyeq = 6.00 ft Saturated soil weight, wgs = 0.130  kcf

Footing heel height, hyee = 150 ft = 18.00 in Buoyant soil weight, wg, = 0.068  kcf

Footing toe width, Wiy, = 2.00 ft Height of wall, h,, = 588 ft top of heel to top of wall

Footing toe height, hyo, = 150 ft = 18.00 in Height of water, hyater = 0.00 ft top of heel to water line

Wall width at top, t,; = 150 ft = 18.00 in Height of soil, hy = 588 ft top of heel to ground line

Wall width at base, t,;, = 150 ft = 18.00 in Height of satur. soil, hgs = 5.88 ft height of satur. soil above top of heel
Height of buoy. soil, hg, = 0.00 ft height of buoy. soil above top of heel

Concrete strength, f,' = 4.00  ksi

Rebar strength, f, = 60.00  ksi Active pressure coeff., K, = 0.280

Steel mod. of elast., Eg = 29,000 ksi LL surcharge soil ht., h;| = 4.29 ft

Optional Collision Loading for Barrier on Top of Wall
Per ODOT comments for I-70/71, use the transverse loading of 54 kips for a TL-4 test level railing [AASHTO, Table A13.2-1] distributed over the retaining wall's joint

spacing.

Collision Loading = y (yorn)
Joint Spacing = 2443 ft
Barrier Height = 3.50 ft

Design Summary

Summary of Design Status Reinforcing Steel Summary

Design Item Footing Wall Footing: Top transverse: #8 bars at 12.00 in c/c

Heel Toe Stem Bottom transverse: #4 bars at 12.00 in c/c

Shear OK OK OK Longitudinal: #4 bars at 12.00 in c/c
Minimum Reinforcement OK OK OK

Shrinkage & Temperature OK OK OK Wall Stem: Back face vertical: #6 bars at 12.00 in c/c

Crack Control N/A N/A OK Front face vertical: #4 bars at 12.00 in c/c

Horizontal: #4 bars at 12.00 in c/c

For calculations related to each design item, see below.

Design Footing for Shear [5.13.3.6]
Design footings to have adequate shear capacity without transverse reinforcement.

Determine d,

Assume: #8 bars at 12.00 in c/c for the top transverse bars in the heel As= 0.79 in“/ft 2.0 in cover
#4 bars at 12.00 in c/c for the bottom transverse bars in the toe As= 0.20 in“/ft 3.0 in cover
For the heel:
dgheer = h - cover - dy,, / 2 = 18.00 - 2.00 -( 1000 /2) = 1550 in
A f, 079 x 60 .
Bheel = _— = = 1.16 in
0.85f.'b 085 x 40 x 12
[5.8.2.9]  dyheet = dsheer -a/ 2 = 15.50 - ( 116 /2) = 1492 in GOVERNS
or dypee; = 0.90 d, = 0.90 X 15.50 = 13.95 in
or dypees = 0.72 h = 0.72 X 18.00 = 1296 in
For the toe:
dstoe = h - cover - dpy / 2 = 18.00 - 3.00 -( 0500 /2) = 1475 in
A fy 020 x 60 )
Aioe = —_— = = 0.29 in
0.85f.'b 085 x 40 x 12
[6.8.29] duoe =dsoe-a/2 = 14.75 - ( 029 /2) = 14.60 in GOVERNS
or dye = 0.90 de = 0.90 X 14.75 = 13.28 in
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SUBJECT Reinforced Concrete Retaining Wall Design COMP. BY ASP DATE
Wall WS1, Panels 1-3 CHECKED BY LNB DATE
or dyee =0.72 h = 0.72 X 18.00 = 1296 in

Check Heel for Shear

The critical shear section for the heel of the footing is located at the back face of the wall. The heel of the footing is assumed to carry its
self weight and the rectangular soil block above it. This neglects the benefit of any upward soil pressure below the footing (conservative).

Vu = (7EV Wss hss + VeV Wep hsb + Ve We hheel + VL Wes hLL + 7wa W hwater) X Wheel

Vu= (135 x 0.130 X 5.88 + 135 «x 0.068 X 0.00 + 125 «x 0.150 X 1.50
1.75 x 0.130 X 4.29 + 100 x 0.062 X 000 ) «x 6.00 = 13.73 kit

[5.8.3.3] Using (8 =2.00 and assuming bars in the top mat as above:

[5.8.34] @V.=90.0316 3 (f,)*° b, d,

[6.8.2.9]
¢Ve= 0.90 X 0.0316 X 2.00 X (4.0 )0%0 x 12.00 X 14.92 = 2037 k
2037 k > 1373 k OK
Check Toe for Shear
The peak bearing stress is 236  ksffor the Extreme llb  load case.

The critical section for the toe of the footing is at dv from the front face of the wall. For a quick simplified check, try applying the peak bearing
stress over the entire length of the toe (conservative).

Vi = Oy Wige 2.36 X 2.00 = 472 kit
[5.8.3.3] Using (8 =2.00 and assuming bars in the bottom mat as above:

[5.8.34] @V.=90.0316 3 (f.)*° b, d,

[6.8.2.9]
¢Ve= 0.90 X 0.0316 X 2.00 X (4.0 )0%0 x 12.00 X 14.60 = 1993 k
19.93 k > 472 k OK
Design Footing Reinforcement [5.13.3.4]

Each mat of reinforcement is checked to ensure that it has adequate capacity and that the maximum and minimum reinforcement checks are satisfied.
The critical section for flexure in the footing is at the face of the wall.

Top Transverse Reinforcement
From the shear check of the heel, V, = 13.73  k/ft
My = Vi X (Wheei / 2) = 13.73 x ( 6.00 /2) = 4120 k-t

Set up the equation to solve for the required steel area:

A f
Muz([NIn:(pAsfy(ds'a/Z) = (pAsfy(ds' ;'y)
1.7f'b
M,= 090 x A x 60 (ds- As x 60 )x(—1—)
1.7 x 40 x 12 12
3309 A2 - 450 dgAg+M,=0
For the reinforcing steel assumed for the heel, ds = 1550 in
Substituting and solving for A, it is found that required A = 0.61 in?/ft
Try: #8 bars at 12.00 in c/c for the top transverse bars in the heel As= 0.79 in’/ft
Check Minimum Reinforcement [6.7.3.3.2]
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Determine the cracking moment:
f.=024(f)° = 0.24 X (40 )00 = 0.48  ksi
lg=(1/12) b h® = 0.0833 X 12.00 x ( 1800 )%= 58320 in*
yi=(1/2) h = 0.5000 X 18.00 = 9.00 in
Mcr = V1V lg/ vt = 1.60 X 0.67 X 0.48 X 5832.0 /( 9.00 X 12.00 )= 27.79 k-t
The capacity of the section must be greater than or equal to the smaller of:
Mcr = 27.79 = 27.79 k-t GOVERNS
(4/13) M, = 1.33 X 41.20 = 54.94  k-ft
The capacity of the top mat of reinforcement is:
M. = @A f, (ds - a/2)
For the reinforcing steel used, ds = 18.00 - 2.00 -( 1000 /2) = 1550 in
M= 09 x 079 x 60 x( 1550 7 0.;9 4X0 6X0 2 ) x ( 112 ) = 53.04  k-ft
53.04 k-t > 2779 k-ft OK
Check minimum reinforcement for temperature and shrinkage (5.10.8) As= 079 in‘fft > 0.17  in“fft OK
Use #8 bars at 12.00 in c/c for top transverse reinforcement in the footing.
Bottom Transverse Reinforcement
From the shear check of the toe, V, = 4.72 k/ft
My = Vy X (Wyoe / 2) = 472 x( 200 /2) = 472 k-t
Set up the equation to solve for the required steel area and again use:
3309 A - 450 dA+M,=0
For the reinforcing steel assumed for the heel, ds = 14.75 in
Substituting and solving for A, it is found that required A = 0.07 in?/ft
Try: #4 bars at 12.00 in c/c for the bottom transverse bars in the toe As= 0.20 in’/ft
Check Minimum Reinforcement [56.7.3.3.2]
Determine the cracking moment:
f.=024(f)° = 0.24 X (40 )00 = 0.48  ksi
lg=(1/12) b h® = 0.0833 X 12.00 x ( 1800 )%= 58320 in*
yi=(1/2) h = 0.5000 X 18.00 = 9.00 in
Mcr = V1V lg/ vt = 1.60 X 0.67 X 0.48 X 5832.0 /( 9.00 X 12.00 )= 27.79 k-t

The capacity of the section must be greater than or equal to the smaller of:

Mcr =
(4/3) M,

27.79 =
4.72 =

27.79 k-t
6.29 k-t

1.33 X
The capacity of the bottom mat of reinforcement is:

M, = @A, (d; - a/2)
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For the reinforcing steel used, ds = 18.00 - 3.00 -( 0500 /2) = 14.75 in
- 020 x 60 1 _ g
M= 090 x 020 x 60 x( 1475 T TI7T x40 x 12 ) x ( 2 ) = 13.14  k-ft
13.14 k-t > 6.29 k-t OK
Check minimum reinforcement for temperature and shrinkage (5.10.8) A= 020 in‘fft > 017  infft OK
Use #4 bars at 12.00 in c/c for bottom transverse reinforcement in the footing.
Longitudinal Reinforcement [5.10.8]
Provide longitudinal reinforcement in the footing based on shrinkage and temperature requirements.
hmax = max(hheelr htoe) = 18.00 in
Min. A, - 1.30 Woot Nimax - 130 x 114.00 X 18.00 - 047 2t
2 ( Wioot *+ Nimax) fy 2 x( 114.00 + 18.00 )x 60

The maximum spacing of reinforcement is:

Nrmin = min(hheelr htoe) = 18.00 in
Max. spacing = 3 hpin = 54.00 in
or Max. spacing = 18 in 18.00 in

or Max. spacing = 12 in (for walls and footings = 18 in thick) 1200 in  GOVERNS

Try:  #4 bars at 12.00 in c/c for the top and bottom longitudinal bars A= 020 in‘ft > 017  infft OK
011 < A= 020 intt < 060 OK
spacing = 12.00 in = 12.00 in OK

Use #4 bars at 12.00 in c/c for top and bottom longitudinal reinforcement in the footing.

Determine Loads for Wall Stem Design
The loads on the stem at the top of the footing are determined to arrive at the design forces for the wall.

Saturated Earth Pressure:
Pens) = (1/2) wes K, hee? = 05 «x 0.130 X 0.280 x( 588 = 063 k
Mers) = Pens) X [ (1/3) hes + hgy | = 0.63 x [ 0.333 X 5.88 + 0.00 ]= 123 k-t

Buoyant Earth Pressure:
Penr) = Ka hsp [Wes hs + (1/2) W, hgp]
Pene) = 0.280 X 0.00 x [ 0.130 X 5.88 + 05 x 0.068 X 000 = 0.00 k
Y8 = [ hep (Wss hgs + (1/3) Wep hgp ) 1/ (2 Wes hgs + Wep, Dy )
Vg = [ 0.00 x ( 0.130 X 5.88 + 0.333 X 0.068 X 0.00 )1

/( 20 x 0.130 X 5.88 + 0.068 X 0.00 ) = 0.00 ft

Mes) = Pene) X Ve = 0.00 X 0.00 = 0.00  k-ft

Water Pressure:
Puwa = (1/2) Wiy Nyater = 05 «x 0.062 X (000 ) = 0.00 k
Mwa = Pwa X (1/3) hyater = 0.00 X 0.333 X 0.00 = 0.00  k-ft

Live Load Surcharge:
PLs = Wes Ka hy hg = 0.130 X 0.280 X 4.29 X 5.88 = 092 k
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SUBJECT Reinforced Concrete Retaining Wall Design COMP. BY ASP DATE 3/17/2014
Wall WS1, Panels 1-3 CHECKED BY LNB DATE 3/17/2014
Mys = Prs x (1/2) h = 0.92 X 0.500 X 5.88 = 270 k-t

Collision Load at Top of Parapet:

Use a Live Load of 2210 Ibs/ft applied at h, = 3.5 ft above the top of the wall.

Per= 2.21 k

Mcr =Pcrx (hy + hy) 2.21 x ( 588 + 350 )= 20.73 k-t

Using the Strength | load combination, the factored design forces for the wall stem are:
Hy = 1.50 (Peys) + Peng) + 1.00 Pya + 1.75 (PLs + Pyy)
H,= 150 x ( 063 + 0.00 )+ 1.00 x 0.00 + 175 x( 092 + 000 )= 255 k
My = 1.50 (Meys) + Meng) + 1.00 Mya + 1.75 (Mg + M)
M,= 150 x ( 123 + 0.00 )+ 1.00 x 0.00 + 175 x( 270 + 000 )= 6.57 k-t
The Extreme Event Il design forces for the wall stem are:
Hext = 1.50 (Pepys) + Peng)) + 1.00 Per + 0.50 (Ps + Pyy)
Hext = 150 x ( 0.63 + 0.00 )+ 1.00 x 2.21 + 050 x( 092 + 000 )= 361 k
Mext = 1.50 (Meyys) + Meng)) + 1.00 Mcr + 0.50 (Mg + M)
Mext = 150 x ( 1.23 + 0.00 )+ 1.00 x 20.73 + 050 x( 270 + 000 )= 23.93 k-t
The service design forces for the wall stem are:
Hserv = 1.00 (Penys) *+ Pere)) + 1.00 Py + 1.00 (Prs + Pyy)
Hserv = 1.00 x ( 063 + 000 )+ 1.00 x 0.00 + 1.00 x( 092 + 000 )= 155 k
Mserv = 1.00 (Meiys) + Meng)) + 1.00 My + 1.00 (Mis + M)

Mser = 1.00 x ( 1.23 + 000 )+ 1.00 x 0.00 + 100 x( 270 + 000 )= 3.93 k-t

Wall Stem Design - Investigate Shear

Shear typically does not govern the design of retaining walls. If shear does become an issue, the thickness of the stem should be increased such
that transverse reinforcement is not required.

Ignoring the benefits of the shear key and axial compression, the shear capacity of the stem can be shown to be greater than that required.
Vo=V + Vs +V, [5.8.3.3-1]

Recognizing that Vs and V,, are zero
Vo=V,
Ve =0.0316 8 (f,)*° b, d, [5.8.3.3-3]

The maximum effective shear depth is:

For 2.0 inch clear cover and #6 bars, ds = 18.00 - 2.00 -( 0750 /2) = 1563 in
d,=0.9d.,=0.9ds= 090 «x 15.63 = 14.06 in  GOVERNS
d,=0.72h=0.72 ty, = 072 x 18.00 = 1296 in

Follow the General Procedure using the provisions of Appendix B5, as per Section [5.8.3.4.2]:
B= 2011897 €= 0.00188 Swe= 11.42945 Max Aggregate Size = 1in (BDM S5.10.3.1.1)

¢ Vo= 0.90 X 0.0316 X 2.01 X (4.0 )0%0 x 12.00 X 14.06 = 1931 k
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1931 k > 3.61 k OK
Wall Stem Design - Investigate Strength Limit State
Determine the area of back-face flexural reinforcement necessary to satisfy the design moment:
M,= 2393 k-t
Again use the equation:
3309 A - 450 dA+M,=0
Substituting and solving for A, it is found that required Ag = 0.35  in¥t
Try:  #6 bars at 12.00 inclc A = 0.44 in“ft > 0.35 in¥ft OK
Wall Stem Design - Investigate Service Limit State [6.7.3.4]
Check the crack control equations to ensure that the primary flexural reinforcement is well distributed. The service load bending moment is:
Msery = 3.93 k-t
Check the modulus of rupture for concrete:
of.=90.24 (f,)*° = 0.80 X 0.24 X (40 )00 = 0.384  ksi
s= _ bt . 1200 x( 1800 Y _  geo0 o
6 6
fg= Moo = 898 X 12 _ 4473 ks < 0384 ksi OK
S 648.00
If modulus of rupture check is "NG", then check the spacing of the reinforcement. First, determine the modular ratio:
E. = 33,000 w,"® (,)>° = 33,000 x( 0150 ) x( 400 ) = 3834 ksi
n=EJ/E.= 29,000 / 3,834 = 756 ,usen= 8.00
For 2.0 inch clear cover and #6 bars, ds = 18.00 - 2.00 -( 0750 /2) = 1563 in
Determine the location of the neutral axis:
0.5bx*=n A, (ds - X)
0.5(12) X% = 8 x 044 x( 1563 -x)
solving, x = 275 in
Check the spacing of the reinforcement to control cracking:
y=ds-x= 15.63 - 2.75 = 12.88 in
ler bé‘a + A (ds-xP
ler = 12.00 X (3 275 )’ + 8 X 0.44 x ( 15.63 - 275 Y = 666.68 in*
Ye = 1.00
For 2.0 inch clear cover and #6 bars, d; = 2.00 +( 0750 /2) = 2.38 in
Bs= 10 + & = 10 + 238 = 1.22
0.7 (twy - dc) 0.7 x ( 18.00 - 238 )
fo= n Msle:, y _ 8 « 3.93 X 6162(5688 X 12.00 - 729 kKsi
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Smax = % -2.0d, = 1722 i ;gg - 20 «x 2.38 = 7412 in
Smax = 7412 in > 1200 in  OK
Wall Stem Design - Check Reinforcement Limits
Check Minimum Reinforcement [5.7.3.3.2]
Determine the cracking moment:
f.=024(f)° = 0.24 X (40 )00 = 0.48  ksi
lg=(1/12) b h® = 0.0833 X 12.00 x ( 1800 )%= 58320 in*
yi=(1/2) h = 0.5000 X 18.00 = 9.00 in
Mcr = V1V lg/ vt = 0.67 X 1.6 X 0.48 X 5832.0 /( 9.00 X 12.00 )= 27.79 k-t
The capacity of the section must be greater than or equal to the smaller of:
Mcr = 27.79 = 27.79 k-t GOVERNS
(4/13) M, = 1.33 X 23.93 = 31.91 k-t
The capacity of the reinforcement is:
M. = @A f, (ds - a/2)
M= 090 x 044 x 60 x( 1563 17 0':4 4X0 6)? 2 )X ( 112 ) = 30.30 k-t
30.30 k-t > 2779 k-ft OK
Check minimum reinforcement for temperature and shrinkage (5.10.8) A= 044 in’fft > 0.16  in“ft OK
Use #6 bars at 12.00 in c/c for wall stem back face vertical reinforcing.
Wall Stem Design - Shrinkage and Temperature Reinforcement [5.10.8]
A minimum amount of reinforcement should be placed near each face of concrete elements to limit the size of cracks associated with concrete
shrinkage and temperature changes.
Nimax = Max(tut, twp) = 18.00 in
hy = 588 ft = 70.56 in
Min. A ) 2 :::rﬁ::)xfy B 2 1>.(3(0 X70.56 70.56+ X18.0018.0())x 60 B 0-16 in°ft
The maximum spacing of reinforcement is:
Pnin = Min(tat, tup) = 18.00 in
Max. spacing = 3 hpin = 54.00 in
or Max. spacing = 18 in = 18.00 in
or Max. spacing = 12 in (for walls and footings = 18 in thick) = 1200 in  GOVERNS
Try:  #4 barsat 12.00 inclc A= 020 in‘fit > 0.16  in“fft OK
011 < A= 020 in“ft < 060 OK
spacing = 12.00 in = 12.00 in OK
Use #4 bars at 12.00 in c/c for wall stem front face reinforcing and back face horizontal reinforcing.
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CLIENT ODOT PROJECT NO. 1122-1001-00

PROJECT CUY-271-0.00 (PID 80418)
SUBJECT Reinforced Concrete Retaining Wall Design COMP. BY ASP DATE 3/17/2014

Dimensions and Weights for Concrete Design

Footing width, W = 950 ft = 114.00 in Concrete weight, w, = 0.150  kcf
Water weight, w,, = 0.062  kcf

Footing heel width, Wyeq = 6.00 ft Saturated soil weight, wgs = 0.130  kcf

Footing heel height, hyee = 150 ft = 18.00 in Buoyant soil weight, wg, = 0.068  kcf

Footing toe width, Wiy, = 2.00 ft Height of wall, h,, = 6.92 ft top of heel to top of wall

Footing toe height, hyo, = 150 ft = 18.00 in Height of water, hyater = 0.00 ft top of heel to water line

Wall width at top, t,; = 150 ft = 18.00 in Height of soil, hy = 6.92 ft top of heel to ground line

Wall width at base, t,;, = 150 ft = 18.00 in Height of satur. soil, hgs = 6.92 ft height of satur. soil above top of heel
Height of buoy. soil, hg, = 0.00 ft height of buoy. soil above top of heel

Concrete strength, f,' = 4.00  ksi

Rebar strength, f, = 60.00  ksi Active pressure coeff., K, = 0.280

Steel mod. of elast., Eg = 29,000 ksi LL surcharge soil ht., h;| = 3.97 ft

Optional Collision Loading for Barrier on Top of Wall
Per ODOT comments for I-70/71, use the transverse loading of 54 kips for a TL-4 test level railing [AASHTO, Table A13.2-1] distributed over the retaining wall's joint

spacing.

Collision Loading = y (yorn)
Joint Spacing = 28.00 ft
Barrier Height = 350 ft

Design Summary

Summary of Design Status Reinforcing Steel Summary

Design Item Footing Wall Footing: Top transverse: #8 bars at 12.00 in c/c

Heel Toe Stem Bottom transverse: #4 bars at 12.00 in c/c

Shear OK OK OK Longitudinal: #4 bars at 12.00 in c/c
Minimum Reinforcement OK OK OK

Shrinkage & Temperature OK OK OK Wall Stem: Back face vertical: #6 bars at 12.00 in c/c

Crack Control N/A N/A OK Front face vertical: #4 bars at 12.00 in c/c

Horizontal: #4 bars at 12.00 in c/c

For calculations related to each design item, see below.

Design Footing for Shear [5.13.3.6]
Design footings to have adequate shear capacity without transverse reinforcement.

Determine d,

Assume: #8 bars at 12.00 in c/c for the top transverse bars in the heel As= 0.79 in“/ft 2.0 in cover
#4 bars at 12.00 in c/c for the bottom transverse bars in the toe As= 0.20 in“/ft 3.0 in cover
For the heel:
dgheer = h - cover - dy,, / 2 = 18.00 - 2.00 -( 1000 /2) = 1550 in
A f, 079 x 60 .
Bheel = _— = = 1.16 in
0.85f.'b 085 x 40 x 12
[5.8.2.9]  dyheet = dsheer -a/ 2 = 15.50 - ( 116 /2) = 1492 in GOVERNS
or dypee; = 0.90 d, = 0.90 X 15.50 = 13.95 in
or dypees = 0.72 h = 0.72 X 18.00 = 1296 in
For the toe:
dstoe = h - cover - dpy / 2 = 18.00 - 3.00 -( 0500 /2) = 1475 in
A fy 020 x 60 )
Aioe = —_— = = 0.29 in
0.85f.'b 085 x 40 x 12
[6.8.29] duoe =dsoe-a/2 = 14.75 - ( 029 /2) = 14.60 in GOVERNS
or dye = 0.90 de = 0.90 X 14.75 = 13.28 in
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or dyee =0.72 h = 0.72 X 18.00 = 1296 in

Check Heel for Shear

The critical shear section for the heel of the footing is located at the back face of the wall. The heel of the footing is assumed to carry its
self weight and the rectangular soil block above it. This neglects the benefit of any upward soil pressure below the footing (conservative).

Vu = (7EV Wss hss + VeV Wep hsb + Ve We hheel + VL Wes hLL + 7wa W hwater) X Wheel

Vu= (135 x 0.130 X 6.92 + 135 «x 0.068 X 0.00 + 125 «x 0.150 X 1.50
1.75 x 0.130 X 3.97 + 100 x 0.062 X 000 ) «x 6.00 = 14.39 kit

[5.8.3.3] Using (8 =2.00 and assuming bars in the top mat as above:

[5.8.34] @V.=90.0316 3 (f,)*° b, d,

[6.8.2.9]
¢Ve= 0.90 X 0.0316 X 2.00 X (4.0 )0%0 x 12.00 X 14.92 = 2037 k
2037 k > 1439 k OK
Check Toe for Shear
The peak bearing stress is 2.27  ksffor the Extreme llb  load case.

The critical section for the toe of the footing is at dv from the front face of the wall. For a quick simplified check, try applying the peak bearing
stress over the entire length of the toe (conservative).

Vi = Oy Wige 2.27 X 2.00 = 454 kit
[5.8.3.3] Using (8 =2.00 and assuming bars in the bottom mat as above:

[5.8.34] @V.=90.0316 3 (f.)*° b, d,

[6.8.2.9]
¢Ve= 0.90 X 0.0316 X 2.00 X (4.0 )0%0 x 12.00 X 14.60 = 1993 k
19.93 k > 454 k OK
Design Footing Reinforcement [5.13.3.4]

Each mat of reinforcement is checked to ensure that it has adequate capacity and that the maximum and minimum reinforcement checks are satisfied.
The critical section for flexure in the footing is at the face of the wall.

Top Transverse Reinforcement
From the shear check of the heel, V, = 14.39  k/ft
My = Vi X (Wheei / 2) = 14.39 x ( 6.00 /2) = 43.18 k-t

Set up the equation to solve for the required steel area:

A f
Muz([NIn:(pAsfy(ds'a/Z) = (pAsfy(ds' ;'y)
1.7f'b
M,= 090 x A x 60 (ds- As x 60 )x(—1—)
1.7 x 40 x 12 12
3309 A2 - 450 dgAg+M,=0
For the reinforcing steel assumed for the heel, ds = 1550 in
Substituting and solving for A, it is found that required A = 0.64 in?/ft
Try: #8 bars at 12.00 in c/c for the top transverse bars in the heel As= 0.79 in’/ft
Check Minimum Reinforcement [6.7.3.3.2]
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CLIENT ODOT PROJECT NO. 1122-1001-00
PROJECT CUY-271-0.00 (PID 80418)
SUBJECT Reinforced Concrete Retaining Wall Design COMP. BY ASP DATE 3/17/2014
Wall WS1, Panels 4-6 CHECKED BY LNB DATE 3/17/2014
Determine the cracking moment:
f.=024(f)° = 0.24 X (40 )00 = 0.48  ksi
lg=(1/12) b h® = 0.0833 X 12.00 x ( 1800 )%= 58320 in*
yi=(1/2) h = 0.5000 X 18.00 = 9.00 in
Mcr = V1V lg/ vt = 1.60 X 0.67 X 0.48 X 5832.0 /( 9.00 X 12.00 )= 27.79 k-t
The capacity of the section must be greater than or equal to the smaller of:
Mcr = 27.79 = 27.79 k-t GOVERNS
(4/13) M, = 1.33 X 43.18 = 57.57 k-ft
The capacity of the top mat of reinforcement is:
M. = @A f, (ds - a/2)
For the reinforcing steel used, ds = 18.00 - 2.00 -( 1000 /2) = 1550 in
M= 09 x 079 x 60 x( 1550 7 0.;9 4X0 6X0 2 ) x ( 112 ) = 53.04  k-ft
53.04 k-t > 2779 k-ft OK
Check minimum reinforcement for temperature and shrinkage (5.10.8) As= 079 in‘fft > 0.17  in“fft OK
Use #8 bars at 12.00 in c/c for top transverse reinforcement in the footing.
Bottom Transverse Reinforcement
From the shear check of the toe, V, = 4.54 k/ft
My = Vy X (Wyoe / 2) = 4.54 x( 200 /2) = 454 k-t
Set up the equation to solve for the required steel area and again use:
3309 A - 450 dA+M,=0
For the reinforcing steel assumed for the heel, ds = 14.75 in
Substituting and solving for A, it is found that required A = 0.07 in?/ft
Try: #4 bars at 12.00 in c/c for the bottom transverse bars in the toe As= 0.20 in’/ft
Check Minimum Reinforcement [56.7.3.3.2]
Determine the cracking moment:
f.=024(f)° = 0.24 X (40 )00 = 0.48  ksi
lg=(1/12) b h® = 0.0833 X 12.00 x ( 1800 )%= 58320 in*
yi=(1/2) h = 0.5000 X 18.00 = 9.00 in
Mcr = V1V lg/ vt = 1.60 X 0.67 X 0.48 X 5832.0 /( 9.00 X 12.00 )= 27.79 k-t

The capacity of the section must be greater than or equal to the smaller of:

Mcr =
(4/3) M,

2779 =
4.54 =

27.79 k-t
6.05 k-t

1.33 X
The capacity of the bottom mat of reinforcement is:

M, = @A, (d; - a/2)

Wall WS1 T-Type LRFD Wall Concrete Design - Panels 4-6
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CLIENT ODOT PROJECT NO. 1122-1001-00

PROJECT CUY-271-0.00 (PID 80418)

SUBJECT Reinforced Concrete Retaining Wall Design COMP. BY ASP DATE 3/17/2014
Wall WS1, Panels 4-6 CHECKED BY LNB DATE 3/17/2014
For the reinforcing steel used, ds = 18.00 - 3.00 -( 0500 /2) = 14.75 in
- 020 x 60 1 _ g
M= 090 x 020 x 60 x( 1475 T TI7T x40 x 12 ) x ( 2 ) = 13.14  k-ft
13.14 k-t > 6.05 k-t OK
Check minimum reinforcement for temperature and shrinkage (5.10.8) A= 020 in‘fft > 017  infft OK
Use #4 bars at 12.00 in c/c for bottom transverse reinforcement in the footing.
Longitudinal Reinforcement [5.10.8]
Provide longitudinal reinforcement in the footing based on shrinkage and temperature requirements.
hmax = max(hheelr htoe) = 18.00 in
Min. A, - 1.30 Woot Nimax - 130 x 114.00 X 18.00 - 047 2t
2 ( Wioot *+ Nimax) fy 2 x( 114.00 + 18.00 )x 60

The maximum spacing of reinforcement is:

Nrmin = min(hheelr htoe) = 18.00 in
Max. spacing = 3 hpin = 54.00 in
or Max. spacing = 18 in 18.00 in

or Max. spacing = 12 in (for walls and footings = 18 in thick) 1200 in  GOVERNS

Try:  #4 bars at 12.00 in c/c for the top and bottom longitudinal bars A= 020 in‘ft > 017  infft OK
011 < A= 020 intt < 060 OK
spacing = 12.00 in = 12.00 in OK

Use #4 bars at 12.00 in c/c for top and bottom longitudinal reinforcement in the footing.

Determine Loads for Wall Stem Design
The loads on the stem at the top of the footing are determined to arrive at the design forces for the wall.

Saturated Earth Pressure:
Pens) = (1/2) wes K, hee? = 05 «x 0.130 X 0.280 x( 692 = 087 k
Mers) = Pens) X [ (1/3) hes + hgy | = 0.87 x [ 0.333 X 6.92 + 0.00 ]= 2.01 k-ft

Buoyant Earth Pressure:
Penr) = Ka hsp [Wes hs + (1/2) W, hgp]
Pene) = 0.280 X 0.00 x [ 0.130 X 6.92 + 05 x 0.068 X 000 = 0.00 k
Y8 = [ hep (Wss hgs + (1/3) Wep hgp ) 1/ (2 Wes hgs + Wep, Dy )
Vg = [ 0.00 x ( 0.130 X 6.92 + 0.333 X 0.068 X 0.00 )1

/( 20 x 0.130 X 6.92 + 0.068 X 0.00 ) = 0.00 ft

Mes) = Pene) X Ve = 0.00 X 0.00 = 0.00  k-ft

Water Pressure:
Puwa = (1/2) Wiy Nyater = 05 «x 0.062 X (000 ) = 0.00 k
Mwa = Pwa X (1/3) hyater = 0.00 X 0.333 X 0.00 = 0.00  k-ft

Live Load Surcharge:
PLs = Wes Ka hy hg = 0.130 X 0.280 X 3.97 X 6.92 = 1.00 k
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CLIENT ODOT PROJECT NO. 1122-1001-00

PROJECT CUY-271-0.00 (PID 80418)

SUBJECT Reinforced Concrete Retaining Wall Design COMP. BY ASP DATE 3/17/2014
Wall WS1, Panels 4-6 CHECKED BY LNB DATE 3/17/2014
Mys = Prs x (1/2) h = 1.00 X 0.500 X 6.92 = 346  k-ft

Collision Load at Top of Parapet:

Use a Live Load of 1929 Ibs/ft applied at h, = 3.5 ft above the top of the wall.

Per= 193 Kk

Mcr =Pcrx (hy + hy) 1.93 x (  6.92 + 350 )= 20.10  k-ft

Using the Strength | load combination, the factored design forces for the wall stem are:
Hy = 1.50 (Peys) + Peng) + 1.00 Pya + 1.75 (PLs + Pyy)
H,= 150 x ( 087 + 0.00 )+ 1.00 x 0.00 + 175 x( 1.00 + 000 )= 3.06 k
My = 1.50 (Meys) + Meng) + 1.00 Mya + 1.75 (Mg + M)
M,= 150 x ( 201 + 0.00 )+ 1.00 x 0.00 + 175 x( 346 + 000 )= 9.07 k-t
The Extreme Event Il design forces for the wall stem are:
Hext = 1.50 (Pepys) + Peng)) + 1.00 Per + 0.50 (Ps + Pyy)
Hext = 150 x ( 0.87 + 0.00 )+ 1.00 x 1.93 + 050 x( 1.00 + 000 )= 374 k
Mext = 1.50 (Meyys) + Meng)) + 1.00 Mcr + 0.50 (Mg + M)
Mext = 150 x (201 + 0.00 )+ 1.00 x 20.10 + 050 x( 346 + 000 )= 24.84 k-t
The service design forces for the wall stem are:
Hserv = 1.00 (Penys) *+ Pere)) + 1.00 Py + 1.00 (Prs + Pyy)
Hserv = 1.00 x ( 087 + 000 )+ 1.00 x 0.00 + 1.00 x( 100 + 000 )= 187 k
Mserv = 1.00 (Meiys) + Meng)) + 1.00 My + 1.00 (Mis + M)

Mser = 1.00 x (201 + 000 )+ 1.00 x 0.00 + 100 x( 346 + 000 )= 547 k-t

Wall Stem Design - Investigate Shear

Shear typically does not govern the design of retaining walls. If shear does become an issue, the thickness of the stem should be increased such
that transverse reinforcement is not required.

Ignoring the benefits of the shear key and axial compression, the shear capacity of the stem can be shown to be greater than that required.
Vo=V + Vs +V, [5.8.3.3-1]

Recognizing that Vs and V,, are zero
Vo=V,
Ve =0.0316 8 (f,)*° b, d, [5.8.3.3-3]

The maximum effective shear depth is:

For 2.0 inch clear cover and #6 bars, ds = 18.00 - 2.00 -( 0750 /2) = 1563 in
d,=0.9d.,=0.9ds= 090 «x 15.63 = 14.06 in  GOVERNS
d,=0.72h=0.72 ty, = 072 x 18.00 = 1296 in

Follow the General Procedure using the provisions of Appendix B5, as per Section [5.8.3.4.2]:
B= 1.968862 €= 0.00195 Swe= 11.42945 Max Aggregate Size = 1in (BDM S5.10.3.1.1)

¢ Vo= 0.90 X 0.0316 X 1.97 X (4.0 )0%0 x 12.00 X 14.06 = 1890 k
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CLIENT ODOT PROJECT NO. 1122-1001-00
PROJECT CUY-271-0.00 (PID 80418)
SUBJECT Reinforced Concrete Retaining Wall Design COMP. BY ASP DATE 3/17/2014
Wall WS1, Panels 4-6 CHECKED BY LNB DATE 3/17/2014
18.90 k > 374 k OK
Wall Stem Design - Investigate Strength Limit State
Determine the area of back-face flexural reinforcement necessary to satisfy the design moment:
My= 2484 k-t
Again use the equation:
3309 A - 450 dA+M,=0
Substituting and solving for A, it is found that required Ag = 0.36 in?/ft
Try:  #6 bars at 12.00 inclc A= 044 Nt > 0.36 in¥ft OK
Wall Stem Design - Investigate Service Limit State [6.7.3.4]
Check the crack control equations to ensure that the primary flexural reinforcement is well distributed. The service load bending moment is:
Msery = 547 k-t
Check the modulus of rupture for concrete:
of.=90.24 (f,)*° = 0.80 X 0.24 X (40 )00 = 0.384  ksi
s= _ bt . 1200 x( 1800 Y _  geo0 o
6 6
fg= Moo = 547 X 12 _ 4401 ks < 0384 ksi OK
S 648.00
If modulus of rupture check is "NG", then check the spacing of the reinforcement. First, determine the modular ratio:
E. = 33,000 w,"® (,)>° = 33,000 x( 0150 ) x( 400 ) = 3834 ksi
n=EJE. = 29,000 / 3,834 = 756 ,usen= 8.00
For 2.0 inch clear cover and #6 bars, ds = 18.00 - 2.00 -( 0750 /2) = 1563 in
Determine the location of the neutral axis:
0.5bx*=n A, (ds - X)
0.5(12) X% = 8 x 044 x( 1563 -x)
solving, x = 275 in
Check the spacing of the reinforcement to control cracking:
y=ds-x= 15.63 - 2.75 = 12.88 in
ler bé‘a + A (ds-xP
ler = 12.00 X (3 275 )’ + 8 X 0.44 x ( 15.63 - 275 Y = 666.68 in*
Ye = 1.00
For 2.0 inch clear cover and #6 bars, d; = 2.00 +( 0750 /2) = 2.38 in
Bs= 10 + & = 10 + 238 = 1.22
0.7 (twy - dc) 0.7 x ( 18.00 - 238 )
fo= n Msle:, y _ 8 « 5.47 X 6162(5688 X 12.00 - 1014 ksi
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PROJECT CUY-271-0.00 (PID 80418)

CLIENT ODOT PROJECT NO.

1122-1001-00

SUBJECT Reinforced Concrete Retaining Wall Design COMP. BY ASP DATE 3/17/2014
Wall WS1, Panels 4-6 CHECKED BY LNB DATE 3/17/2014
Smax = % -2.0d, = 1722 i 110'?1(2 - 20 «x 2.38 = 51.95 in
Smax = 51.95 in > 1200 in  OK
Wall Stem Design - Check Reinforcement Limits
Check Minimum Reinforcement [5.7.3.3.2]
Determine the cracking moment:
f.=024(f)° = 0.24 X (40 )00 = 0.48  ksi
lg=(1/12) b h® = 0.0833 X 12.00 x ( 1800 )%= 58320 in*
yi=(1/2) h = 0.5000 X 18.00 = 9.00 in
Mcr = V1V lg/ vt = 0.67 X 1.6 X 0.48 X 5832.0 /( 9.00 X 12.00 )= 27.79 k-t
The capacity of the section must be greater than or equal to the smaller of:
Mcr = 27.79 = 27.79 k-t GOVERNS
(4/13) M, = 1.33 X 24.84 = 33.12 k-t
The capacity of the reinforcement is:
M. = @A f, (ds - a/2)
M= 090 x 044 x 60 x( 1563 17 0':4 4X0 6)? 2 )X ( 112 ) = 30.30 k-t
30.30 k-t > 2779 k-ft OK
Check minimum reinforcement for temperature and shrinkage (5.10.8) A= 044 in’fft > 0.16  in“ft OK
Use #6 bars at 12.00 in c/c for wall stem back face vertical reinforcing.
Wall Stem Design - Shrinkage and Temperature Reinforcement [5.10.8]
A minimum amount of reinforcement should be placed near each face of concrete elements to limit the size of cracks associated with concrete
shrinkage and temperature changes.
Nimax = Max(tut, twp) = 18.00 in
hy = 6.92 ft = 83.04 in
Min. A ) 2 :::rﬁ::)xfy B 2 1>.(3(0 X83.04 83.04+ X18.0018.0())x 60 B 0-16 in°ft
The maximum spacing of reinforcement is:
Pnin = Min(tat, tup) = 18.00 in
Max. spacing = 3 hpin = 54.00 in
or Max. spacing = 18 in = 18.00 in
or Max. spacing = 12 in (for walls and footings = 18 in thick) = 1200 in  GOVERNS
Try:  #4 barsat 12.00 inclc A= 020 in‘fit > 0.16  in“fft OK
011 < A= 020 in“ft < 060 OK
spacing = 12.00 in = 12.00 in OK
Use #4 bars at 12.00 in c/c for wall stem front face reinforcing and back face horizontal reinforcing.
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CLIENT ODOT PROJECT NO. 1122-1001-00

PROJECT CUY-271-0.00 (PID 80418)
SUBJECT Reinforced Concrete Retaining Wall Design COMP. BY ASP DATE 3/17/2014

Dimensions and Weights for Concrete Design

Footing width, W = 950 ft = 114.00 in Concrete weight, w, = 0.150  kcf
Water weight, w,, = 0.062  kcf

Footing heel width, Wyeq = 6.00 ft Saturated soil weight, wgs = 0.130  kcf

Footing heel height, hyee = 150 ft = 18.00 in Buoyant soil weight, wg, = 0.068  kcf

Footing toe width, Wiy, = 2.00 ft Height of wall, h,, = 7.82 ft top of heel to top of wall

Footing toe height, hyo, = 150 ft = 18.00 in Height of water, hyater = 0.00 ft top of heel to water line

Wall width at top, t,; = 150 ft = 18.00 in Height of soil, hy = 7.82 ft top of heel to ground line

Wall width at base, t,;, = 150 ft = 18.00 in Height of satur. soil, hgs = 7.82 ft height of satur. soil above top of heel
Height of buoy. soil, hg, = 0.00 ft height of buoy. soil above top of heel

Concrete strength, f,' = 4.00  ksi

Rebar strength, f, = 60.00  ksi Active pressure coeff., K, = 0.280

Steel mod. of elast., Eg = 29,000 ksi LL surcharge soil ht., h;| = 3.70 ft

Optional Collision Loading for Barrier on Top of Wall
Per ODOT comments for I-70/71, use the transverse loading of 54 kips for a TL-4 test level railing [AASHTO, Table A13.2-1] distributed over the retaining wall's joint

spacing.

Collision Loading = y (yorn)
Joint Spacing = 28.00 ft
Barrier Height = 350 ft

Design Summary

Summary of Design Status Reinforcing Steel Summary

Design Item Footing Wall Footing: Top transverse: #8 bars at 12.00 in c/c

Heel Toe Stem Bottom transverse: #4 bars at 12.00 in c/c

Shear OK OK OK Longitudinal: #4 bars at 12.00 in c/c
Minimum Reinforcement OK OK OK

Shrinkage & Temperature OK OK OK Wall Stem: Back face vertical: #6 bars at 12.00 in c/c

Crack Control N/A N/A OK Front face vertical: #4 bars at 12.00 in c/c

Horizontal: #4 bars at 12.00 in c/c

For calculations related to each design item, see below.

Design Footing for Shear [5.13.3.6]
Design footings to have adequate shear capacity without transverse reinforcement.

Determine d,

Assume: #8 bars at 12.00 in c/c for the top transverse bars in the heel As= 0.79 in“/ft 2.0 in cover
#4 bars at 12.00 in c/c for the bottom transverse bars in the toe As= 0.20 in“/ft 3.0 in cover
For the heel:
dgheer = h - cover - dy,, / 2 = 18.00 - 2.00 -( 1000 /2) = 1550 in
A f, 079 x 60 .
Bheel = _— = = 1.16 in
0.85f.'b 085 x 40 x 12
[5.8.2.9]  dyheet = dsheer -a/ 2 = 15.50 - ( 116 /2) = 1492 in GOVERNS
or dypee; = 0.90 d, = 0.90 X 15.50 = 13.95 in
or dypees = 0.72 h = 0.72 X 18.00 = 1296 in
For the toe:
dstoe = h - cover - dpy / 2 = 18.00 - 3.00 -( 0500 /2) = 1475 in
A fy 020 x 60 )
Aioe = —_— = = 0.29 in
0.85f.'b 085 x 40 x 12
[6.8.29] duoe =dsoe-a/2 = 14.75 - ( 029 /2) = 14.60 in GOVERNS
or dye = 0.90 de = 0.90 X 14.75 = 13.28 in
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CLIENT ODOT PROJECT NO. 1122-1001-00

PROJECT CUY-271-0.00 (PID 80418)

SUBJECT Reinforced Concrete Retaining Wall Design COMP. BY ASP DATE
Wall WS1, Panels 7-8 CHECKED BY LNB DATE
or dyee =0.72 h = 0.72 X 18.00 = 1296 in

Check Heel for Shear

The critical shear section for the heel of the footing is located at the back face of the wall. The heel of the footing is assumed to carry its
self weight and the rectangular soil block above it. This neglects the benefit of any upward soil pressure below the footing (conservative).

Vu = (7EV Wss hss + VeV Wep hsb + Ve We hheel + VL Wes hLL + 7wa W hwater) X Wheel

Vu= (135 x 0.130 X 7.82 + 135 «x 0.068 X 0.00 + 125 «x 0.150 X 1.50
1.75 x 0.130 X 3.70 + 100 x 0.062 X 000 ) «x 6.00 = 14.97 kit

[5.8.3.3] Using (8 =2.00 and assuming bars in the top mat as above:

[5.8.34] @V.=90.0316 3 (f,)*° b, d,

[6.8.2.9]
¢Ve= 0.90 X 0.0316 X 2.00 X (4.0 )0%0 x 12.00 X 14.92 = 2037 k
2037 k > 1497 k OK
Check Toe for Shear
The peak bearing stress is 242  ksffor the Extreme llb  load case.

The critical section for the toe of the footing is at dv from the front face of the wall. For a quick simplified check, try applying the peak bearing
stress over the entire length of the toe (conservative).

Vi = Oy Wige 242 X 2.00 = 4.84 kit
[5.8.3.3] Using (8 =2.00 and assuming bars in the bottom mat as above:

[5.8.34] @V.=90.0316 3 (f.)*° b, d,

[6.8.2.9]
¢Ve= 0.90 X 0.0316 X 2.00 X (4.0 )0%0 x 12.00 X 14.60 = 1993 k
19.93 k > 484 k OK
Design Footing Reinforcement [5.13.3.4]

Each mat of reinforcement is checked to ensure that it has adequate capacity and that the maximum and minimum reinforcement checks are satisfied.
The critical section for flexure in the footing is at the face of the wall.

Top Transverse Reinforcement
From the shear check of the heel, V, = 14.97 kit
My = Vi X (Wheei / 2) = 14.97 x ( 6.00 /2) = 4492 k-t

Set up the equation to solve for the required steel area:

A f
Muz([NIn:(pAsfy(ds'a/Z) = (pAsfy(ds' ;'y)
1.7f'b
M,= 090 x A x 60 (ds- As x 60 )x(—1—)
1.7 x 40 x 12 12
3309 A2 - 450 dgAg+M,=0
For the reinforcing steel assumed for the heel, ds = 1550 in
Substituting and solving for A, it is found that required A = 0.66 in?/ft
Try: #8 bars at 12.00 in c/c for the top transverse bars in the heel As= 0.79 in’/ft
Check Minimum Reinforcement [6.7.3.3.2]
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CLIENT ODOT PROJECT NO. 1122-1001-00
PROJECT CUY-271-0.00 (PID 80418)
SUBJECT Reinforced Concrete Retaining Wall Design COMP. BY ASP DATE 3/17/2014
Wall WS1, Panels 7-8 CHECKED BY LNB DATE 3/17/2014
Determine the cracking moment:
f.=024(f)° = 0.24 X (40 )00 = 0.48  ksi
lg=(1/12) b h® = 0.0833 X 12.00 x ( 1800 )%= 58320 in*
yi=(1/2) h = 0.5000 X 18.00 = 9.00 in
Mcr = V1V lg/ vt = 1.60 X 0.67 X 0.48 X 5832.0 /( 9.00 X 12.00 )= 27.79 k-t
The capacity of the section must be greater than or equal to the smaller of:
Mcr = 27.79 = 27.79 k-t GOVERNS
(4/13) M, = 1.33 X 44.92 = 59.89  k-ft
The capacity of the top mat of reinforcement is:
M. = @A f, (ds - a/2)
For the reinforcing steel used, ds = 18.00 - 2.00 -( 1000 /2) = 1550 in
M= 09 x 079 x 60 x( 1550 7 0.;9 4X0 6X0 2 ) x ( 112 ) = 53.04  k-ft
53.04 k-t > 2779 k-ft OK
Check minimum reinforcement for temperature and shrinkage (5.10.8) As= 079 in‘fft > 0.17  in“fft OK
Use #8 bars at 12.00 in c/c for top transverse reinforcement in the footing.
Bottom Transverse Reinforcement
From the shear check of the toe, V, = 4.84 k/ft
My = Vy X (Wyoe / 2) = 4.84 x( 200 /2) = 4.84 k-t
Set up the equation to solve for the required steel area and again use:
3309 A - 450 dA+M,=0
For the reinforcing steel assumed for the heel, ds = 14.75 in
Substituting and solving for A, it is found that required A = 0.07 in?/ft
Try: #4 bars at 12.00 in c/c for the bottom transverse bars in the toe As= 0.20 in’/ft
Check Minimum Reinforcement [56.7.3.3.2]
Determine the cracking moment:
f.=024(f)° = 0.24 X (40 )00 = 0.48  ksi
lg=(1/12) b h® = 0.0833 X 12.00 x ( 1800 )%= 58320 in*
yi=(1/2) h = 0.5000 X 18.00 = 9.00 in
Mcr = V1V lg/ vt = 1.60 X 0.67 X 0.48 X 5832.0 /( 9.00 X 12.00 )= 27.79 k-t

The capacity of the section must be greater than or equal to the smaller of:

Mcr =
(4/3) M,

2779 =
4.84 =

27.79 k-t
6.45 k-t

1.33 X
The capacity of the bottom mat of reinforcement is:

M, = @A, (d; - a/2)
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CLIENT ODOT PROJECT NO. 1122-1001-00

PROJECT CUY-271-0.00 (PID 80418)

SUBJECT Reinforced Concrete Retaining Wall Design COMP. BY ASP DATE 3/17/2014
Wall WS1, Panels 7-8 CHECKED BY LNB DATE 3/17/2014
For the reinforcing steel used, ds = 18.00 - 3.00 -( 0500 /2) = 14.75 in
- 020 x 60 1 _ g
M= 090 x 020 x 60 x( 1475 T TI7T x40 x 12 ) x ( 2 ) = 13.14  k-ft
13.14 k-t > 6.45 k-t OK
Check minimum reinforcement for temperature and shrinkage (5.10.8) A= 020 in‘fft > 017  infft OK
Use #4 bars at 12.00 in c/c for bottom transverse reinforcement in the footing.
Longitudinal Reinforcement [5.10.8]
Provide longitudinal reinforcement in the footing based on shrinkage and temperature requirements.
hmax = max(hheelr htoe) = 18.00 in
Min. A, - 1.30 Woot Nimax - 130 x 114.00 X 18.00 - 047 2t
2 ( Wioot *+ Nimax) fy 2 x( 114.00 + 18.00 )x 60

The maximum spacing of reinforcement is:

Nrmin = min(hheelr htoe) = 18.00 in
Max. spacing = 3 hpin = 54.00 in
or Max. spacing = 18 in 18.00 in

or Max. spacing = 12 in (for walls and footings = 18 in thick) 1200 in  GOVERNS

Try:  #4 bars at 12.00 in c/c for the top and bottom longitudinal bars A= 020 in‘ft > 017  infft OK
011 < A= 020 intt < 060 OK
spacing = 12.00 in = 12.00 in OK

Use #4 bars at 12.00 in c/c for top and bottom longitudinal reinforcement in the footing.

Determine Loads for Wall Stem Design
The loads on the stem at the top of the footing are determined to arrive at the design forces for the wall.

Saturated Earth Pressure:
Pens) = (1/2) wes K, hee? = 05 «x 0.130 X 0.280 x( 782 = 111k
Mers) = Pens) X [ (1/3) hes + hgy | = 1.11 x [ 0.333 X 7.82 + 0.00 ]= 290 k-t

Buoyant Earth Pressure:
Penr) = Ka hsp [Wes hs + (1/2) W, hgp]
Pene) = 0.280 X 0.00 x [ 0.130 X 7.82 + 05 x 0.068 X 000 = 0.00 k
Y8 = [ hep (Wss hgs + (1/3) Wep hgp ) 1/ (2 Wes hgs + Wep, Dy )
Vg = [ 0.00 x ( 0.130 X 7.82 + 0.333 X 0.068 X 0.00 )1

/( 20 x 0.130 X 7.82 + 0.068 X 0.00 ) = 0.00 ft

Mes) = Pene) X Ve = 0.00 X 0.00 = 0.00  k-ft

Water Pressure:
Puwa = (1/2) Wiy Nyater = 05 «x 0.062 X (000 ) = 0.00 k
Mwa = Pwa X (1/3) hyater = 0.00 X 0.333 X 0.00 = 0.00  k-ft

Live Load Surcharge:
PLs = Wes Ka hy hg = 0.130 X 0.280 X 3.70 X 7.82 = 1.05 k
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CLIENT ODOT PROJECT NO. 1122-1001-00

PROJECT CUY-271-0.00 (PID 80418)

SUBJECT Reinforced Concrete Retaining Wall Design COMP. BY ASP DATE 3/17/2014
Wall WS1, Panels 7-8 CHECKED BY LNB DATE 3/17/2014
Mys = Prs x (1/2) h = 1.05 X 0.500 X 7.82 = 412 kAt

Collision Load at Top of Parapet:

Use a Live Load of 1929 Ibs/ft applied at h, = 3.5 ft above the top of the wall.

Per= 193 Kk

Mcr =Pcrx (hy + hy) 1.93 x( 7.82 + 350 )= 21.83 k-t

Using the Strength | load combination, the factored design forces for the wall stem are:
Hy = 1.50 (Peys) + Peng) + 1.00 Pya + 1.75 (PLs + Pyy)
Hy,= 150 x ( 111 + 0.00 )+ 1.00 x 0.00 + 175 x( 1.05 + 000 )= 351 k
My = 1.50 (Meys) + Meng) + 1.00 Mya + 1.75 (Mg + M)
M,= 150 x ( 290 + 0.00 )+ 1.00 x 0.00 + 175 x ( 412 + 000 )= 11.56 k-t
The Extreme Event Il design forces for the wall stem are:
Hext = 1.50 (Pepys) + Peng)) + 1.00 Per + 0.50 (Ps + Pyy)
Hext = 150 x (1.1 + 0.00 )+ 1.00 x 1.93 + 050 x( 1.05 + 000 )= 412  k
Mext = 1.50 (Meyys) + Meng)) + 1.00 Mcr + 0.50 (Mg + M)
Mext = 150 x (290 + 0.00 )+ 1.00 x 21.83 + 050 x( 412 + 000 )= 28.24 k-t
The service design forces for the wall stem are:
Hserv = 1.00 (Penys) *+ Pere)) + 1.00 Py + 1.00 (Prs + Pyy)
Hserv = 1.00 x (1.1 + 000 )+ 1.00 x 0.00 + 1.00 x( 105 + 000 )= 217  k
Mserv = 1.00 (Meiys) + Meng)) + 1.00 My + 1.00 (Mis + M)

Mser = 1.00 x (290 + 000 )+ 1.00 x 0.00 + 100 x( 412 + 000 )= 7.02 k-t

Wall Stem Design - Investigate Shear

Shear typically does not govern the design of retaining walls. If shear does become an issue, the thickness of the stem should be increased such
that transverse reinforcement is not required.

Ignoring the benefits of the shear key and axial compression, the shear capacity of the stem can be shown to be greater than that required.
Vo=V + Vs +V, [5.8.3.3-1]

Recognizing that Vs and V,, are zero
Vo=V,
Ve =0.0316 8 (f,)*° b, d, [5.8.3.3-3]

The maximum effective shear depth is:

For 2.0 inch clear cover and #6 bars, ds = 18.00 - 2.00 -( 0750 /2) = 1563 in
d,=0.9d.,=0.9ds= 090 «x 15.63 = 14.06 in  GOVERNS
d,=0.72h=0.72 ty, = 072 x 18.00 = 1296 in

Follow the General Procedure using the provisions of Appendix B5, as per Section [5.8.3.4.2]:
B= 1.825634 €= 0.00221 Swe= 11.42945 Max Aggregate Size = 1in (BDM S5.10.3.1.1)

¢ Vo= 0.90 X 0.0316 X 1.83 X (4.0 )0%0 x 12.00 X 14.06 = 1752 k
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CLIENT ODOT PROJECT NO.
PROJECT CUY-271-0.00 (PID 80418)

1122-1001-00

SUBJECT Reinforced Concrete Retaining Wall Design COMP. BY ASP DATE 3/17/2014
Wall WS1, Panels 7-8 CHECKED BY LNB DATE 3/17/2014
1752 k > 412  k OK
Wall Stem Design - Investigate Strength Limit State
Determine the area of back-face flexural reinforcement necessary to satisfy the design moment:
M,= 2824 k-t
Again use the equation:
3309 A - 450 dA+M,=0
Substituting and solving for A, it is found that required Ag = 0.41 in?/ft
Try:  #6 bars at 12.00 inclc A= 044 Nt > 041 in¥ft OK
Wall Stem Design - Investigate Service Limit State [6.7.3.4]
Check the crack control equations to ensure that the primary flexural reinforcement is well distributed. The service load bending moment is:
Msery = 7.02 k-t
Check the modulus of rupture for concrete:
of.=90.24 (f,)*° = 0.80 X 0.24 X (40 )00 = 0.384  ksi
s= _ bt . 1200 x( 1800 Y _  geo0 o
6 6
fg= Moo o T02 X 12 _ 4435 ks < 0384 ksi OK
S 648.00
If modulus of rupture check is "NG", then check the spacing of the reinforcement. First, determine the modular ratio:
E. = 33,000 w,"® (,)>° = 33,000 x( 0150 ) x( 400 ) = 3834 ksi
n=EJE. = 29,000 / 3,834 = 756 ,usen= 8.00
For 2.0 inch clear cover and #6 bars, ds = 18.00 - 2.00 -( 0750 /2) = 1563 in
Determine the location of the neutral axis:
0.5bx*=n A, (ds - X)
0.5(12) X% = 8 x 044 x( 1563 -x)
solving, x = 275 in
Check the spacing of the reinforcement to control cracking:
y=ds-x= 15.63 - 2.75 = 12.88 in
ler bé‘a + A (ds-xP
ler = 12.00 X (3 275 )’ + 8 X 0.44 x ( 15.63 - 275 Y = 666.68 in*
Ye = 1.00
For 2.0 inch clear cover and #6 bars, d; = 2.00 +( 0750 /2) = 2.38 in
Bs= 10 + & = 10 + 238 = 1.22
0.7 (twy - dc) 0.7 x ( 18.00 - 238 )
fo= n Msle:, y _ 8 « 7.02 X 6162(5688 X 12.00 - 13.01  ksi
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PROJECT CUY-271-0.00 (PID 80418)

CLIENT ODOT PROJECT NO.

1122-1001-00

SUBJECT Reinforced Concrete Retaining Wall Design COMP. BY ASP DATE 3/17/2014
Wall WS1, Panels 7-8 CHECKED BY LNB DATE 3/17/2014
Smax = % -2.0d, = 1722 i 113'?001 - 20 «x 2.38 = 39.44 in
Smax = 39.44 in > 1200 in  OK
Wall Stem Design - Check Reinforcement Limits
Check Minimum Reinforcement [5.7.3.3.2]
Determine the cracking moment:
f.=024(f)° = 0.24 X (40 )00 = 0.48  ksi
lg=(1/12) b h® = 0.0833 X 12.00 x ( 1800 )%= 58320 in*
yi=(1/2) h = 0.5000 X 18.00 = 9.00 in
Mcr = V1V lg/ vt = 0.67 X 1.6 X 0.48 X 5832.0 /( 9.00 X 12.00 )= 27.79 k-t
The capacity of the section must be greater than or equal to the smaller of:
Mcr = 27.79 = 27.79 k-t GOVERNS
(4/13) M, = 1.33 X 28.24 = 37.66  k-ft
The capacity of the reinforcement is:
M. = @A f, (ds - a/2)
M= 090 x 044 x 60 x( 1563 17 0':4 4X0 6)? 2 )X ( 112 ) = 30.30 k-t
30.30 k-t > 2779 k-ft OK
Check minimum reinforcement for temperature and shrinkage (5.10.8) A= 044 in’fft > 0.16  in“ft OK
Use #6 bars at 12.00 in c/c for wall stem back face vertical reinforcing.
Wall Stem Design - Shrinkage and Temperature Reinforcement [5.10.8]
A minimum amount of reinforcement should be placed near each face of concrete elements to limit the size of cracks associated with concrete
shrinkage and temperature changes.
Nimax = Max(tut, twp) = 18.00 in
hy = 782 ft = 93.84 in
Min. A ) 2 :::rﬁ::)xfy B 2 1>.(3(0 X93.84 93.84+ X18.0018.0())x 60 B 0-16 in°ft
The maximum spacing of reinforcement is:
Pnin = Min(tat, tup) = 18.00 in
Max. spacing = 3 hpin = 54.00 in
or Max. spacing = 18 in = 18.00 in
or Max. spacing = 12 in (for walls and footings = 18 in thick) = 1200 in  GOVERNS
Try:  #4 barsat 12.00 inclc A= 020 in‘fit > 0.16  in“fft OK
011 < A= 020 in“ft < 060 OK
spacing = 12.00 in = 12.00 in OK
Use #4 bars at 12.00 in c/c for wall stem front face reinforcing and back face horizontal reinforcing.
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CLIENT ODOT PROJECT NO. 1122-1001-00
PROJECT CUY-271-0.00 (PID 80418)
SUBJECT Reinforced Concrete Retaining Wall Design COMP. BY ASP DATE 3/17/2014
Wall WS1, Panels 9-10 CHECKED BY LNB DATE 3/17/2014
Dimensions and Weights for Concrete Design
Footing width, Wy = 9.50 ft = 114.00 in Concrete weight, w, = 0.150  kcf
Water weight, w,, = 0.062  kcf
Footing heel width, Wyeq = 6.00 ft Saturated soil weight, wgs = 0.130  kcf
Footing heel height, hyee = 150 ft = 18.00 in Buoyant soil weight, wg, = 0.068  kcf
Footing toe width, Wiy, = 2.00 ft Height of wall, h,, = 8.85 ft top of heel to top of wall
Footing toe height, hyo, = 150 ft = 18.00 in Height of water, hyater = 0.00 ft top of heel to water line
Wall width at top, t,; = 150 ft = 18.00 in Height of soil, hy = 8.85 ft top of heel to ground line
Wall width at base, t,, = 150 ft = 18.00 in Height of satur. soil, hgs = 8.85 ft height of satur. soil above top of heel
Height of buoy. soil, hg, = 0.00 ft height of buoy. soil above top of heel
Concrete strength, f,' = 4.00  ksi
Rebar strength, f, = 60.00 ksi Active pressure coeff., K, = 0.280
Steel mod. of elast., Eg = 29,000 ksi LL surcharge soil ht., h;| = 345 ft

Optional Collision Loading for Barrier on Top of Wall

Per ODOT comments for I-70/71, use the transverse loading of 54 kips for a TL-4 test level railing [AASHTO, Table A13.2-1] distributed over the retaining wall's joint

spacing.

Collision Loading = y (yorn)
Joint Spacing = 28.00 ft
Barrier Height = 350 ft

Design Summary

Summary of Design Status Reinforcing Steel Summary

Desian ltem Footing Wall Footing: Top transverse: #8 bars at 12.00 in c/c
9 Heel Toe Stem Bottom transverse: #4 bars at 12.00 in c/c
Shear OK OK OK Longitudinal: #4 bars at 12.00 in c/c
Minimum Reinforcement OK OK OK
Shrinkage & Temperature OK OK OK Wall Stem: Back face vertical: #7 bars at 12.00 in c/c
Crack Control N/A N/A OK Front face vertical: #4 bars at 12.00 in c/c
Horizontal: #4 bars at 12.00 in c/c
For calculations related to each design item, see below.
Design Footing for Shear [5.13.3.6]
Design footings to have adequate shear capacity without transverse reinforcement.
Determine d,
Assume: #8 bars at 12.00 in c/c for the top transverse bars in the heel As= 0.79 in“/ft 2.0 in cover
#4 bars at 12.00 in c/c for the bottom transverse bars in the toe As= 0.20 in“/ft 3.0 in cover
For the heel:
dsheel = h - cover - dp, / 2 = 18.00 - 2.00 -( 1000 /2) = 1550 in
A f, 079 x 60 .
Bheel = _— = = 1.16 in
0.85f,'b 08 x 40 x 12
[5.8.2.9]  dyheet = dsheer -a/ 2 = 15.50 - ( 116 /2) = 1492 in  GOVERNS
or dyneel = 0.90 d = 0.90 X 15.50 = 13.95 in
or dyheet = 0.72 h = 0.72 X 18.00 = 1296 in
For the toe:
dstoe = h - cOver - dp,r / 2 = 18.00 - 3.00 -( 0500 /2) = 1475 in
A fy 020 x 60 .
Atoe = —_— = = 0.29 in
0.85f,'b 085 x 40 x 12
[6.8.29] duoe =dsoe-a/2 = 14.75 -( 029 /2) = 1460 in  GOVERNS
or dyee = 0.90 dg = 0.90 X 14.75 = 13.28 in
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CLIENT ODOT PROJECT NO. 1122-1001-00

PROJECT CUY-271-0.00 (PID 80418)

SUBJECT Reinforced Concrete Retaining Wall Design COMP. BY ASP DATE
Wall WS1, Panels 9-10 CHECKED BY LNB DATE
or dyee =0.72 h = 0.72 X 18.00 = 1296 in

Check Heel for Shear

The critical shear section for the heel of the footing is located at the back face of the wall. The heel of the footing is assumed to carry its
self weight and the rectangular soil block above it. This neglects the benefit of any upward soil pressure below the footing (conservative).

Vu = (7EV Wss hss + VeV Wep hsb + Ve We hheel + VL Wes hLL + 7wa W hwater) X Wheel

Vu= (135 x 0.130 X 8.85 + 135 «x 0.068 X 0.00 + 125 «x 0.150 X 1.50
1.75 x 0.130 X 3.45 + 100 x 0.062 X 000 ) «x 6.00 = 15.72 kit

[5.8.3.3] Using (8 =2.00 and assuming bars in the top mat as above:

[5.8.34] @V.=90.0316 3 (f,)*° b, d,

[6.8.2.9]
¢Ve= 0.90 X 0.0316 X 2.00 X (4.0 )0%0 x 12.00 X 14.92 = 2037 k
2037 k > 1572 k OK
Check Toe for Shear
The peak bearing stress is 2.62  ksffor the Extreme llb  load case.

The critical section for the toe of the footing is at dv from the front face of the wall. For a quick simplified check, try applying the peak bearing
stress over the entire length of the toe (conservative).

Vi = Oy Wige 2.62 X 2.00 = 524 kit
[5.8.3.3] Using (8 =2.00 and assuming bars in the bottom mat as above:

[5.8.34] @V.=90.0316 3 (f.)*° b, d,

[6.8.2.9]
¢Ve= 0.90 X 0.0316 X 2.00 X (4.0 )0%0 x 12.00 X 14.60 = 1993 k
19.93 k > 524 k OK
Design Footing Reinforcement [5.13.3.4]

Each mat of reinforcement is checked to ensure that it has adequate capacity and that the maximum and minimum reinforcement checks are satisfied.
The critical section for flexure in the footing is at the face of the wall.

Top Transverse Reinforcement
From the shear check of the heel, V, = 15.72 kit
My = Vi X (Wheei / 2) = 15.72 x ( 6.00 /2) = 4715 k-t

Set up the equation to solve for the required steel area:

A f
Muz([NIn:(pAsfy(ds'a/Z) = (pAsfy(ds' ;'y)
1.7f'b
M,= 090 x A x 60 (ds- As x 60 )x(—1—)
1.7 x 40 x 12 12
3309 A2 - 450 dgAg+M,=0
For the reinforcing steel assumed for the heel, ds = 1550 in
Substituting and solving for A, it is found that required A = 0.70 in?/ft
Try: #8 bars at 12.00 in c/c for the top transverse bars in the heel As= 0.79 in’/ft
Check Minimum Reinforcement [6.7.3.3.2]
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CLIENT ODOT PROJECT NO. 1122-1001-00
PROJECT CUY-271-0.00 (PID 80418)
SUBJECT Reinforced Concrete Retaining Wall Design COMP. BY ASP DATE 3/17/2014
Wall WS1, Panels 9-10 CHECKED BY LNB DATE 3/17/2014
Determine the cracking moment:
f.=024(f)° = 0.24 X (40 )00 = 0.48  ksi
lg=(1/12) b h® = 0.0833 X 12.00 x ( 1800 )%= 58320 in*
yi=(1/2) h = 0.5000 X 18.00 = 9.00 in
Mcr = V1V lg/ vt = 1.60 X 0.67 X 0.48 X 5832.0 /( 9.00 X 12.00 )= 27.79 k-t
The capacity of the section must be greater than or equal to the smaller of:
Mcr = 27.79 = 27.79 k-t GOVERNS
(4/13) M, = 1.33 X 47.15 = 62.86  k-ft
The capacity of the top mat of reinforcement is:
M. = @A f, (ds - a/2)
For the reinforcing steel used, ds = 18.00 - 2.00 -( 1000 /2) = 1550 in
M= 09 x 079 x 60 x( 1550 7 0.;9 4X0 6X0 2 ) x ( 112 ) = 53.04  k-ft
53.04 k-t > 2779 k-ft OK
Check minimum reinforcement for temperature and shrinkage (5.10.8) As= 079 in‘fft > 0.17  in“fft OK
Use #8 bars at 12.00 in c/c for top transverse reinforcement in the footing.
Bottom Transverse Reinforcement
From the shear check of the toe, V, = 5.24 k/ft
My = Vy X (Wyoe / 2) = 5.24 x( 200 /2) = 524 k-t
Set up the equation to solve for the required steel area and again use:
3309 A - 450 dA+M,=0
For the reinforcing steel assumed for the heel, ds = 14.75 in
Substituting and solving for A, it is found that required A = 0.08 in?/ft
Try: #4 bars at 12.00 in c/c for the bottom transverse bars in the toe As= 0.20 in’/ft
Check Minimum Reinforcement [56.7.3.3.2]
Determine the cracking moment:
f.=024(f)° = 0.24 X (40 )00 = 0.48  ksi
lg=(1/12) b h® = 0.0833 X 12.00 x ( 1800 )%= 58320 in*
yi=(1/2) h = 0.5000 X 18.00 = 9.00 in
Mcr = V1V lg/ vt = 1.60 X 0.67 X 0.48 X 5832.0 /( 9.00 X 12.00 )= 27.79 k-t

The capacity of the section must be greater than or equal to the smaller of:

Mcr =
(4/3) M,

27.79 =
5.24 =

27.79 k-t
6.99 k-t

1.33 X
The capacity of the bottom mat of reinforcement is:

M, = @A, (d; - a/2)
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CLIENT ODOT PROJECT NO. 1122-1001-00

PROJECT CUY-271-0.00 (PID 80418)

SUBJECT Reinforced Concrete Retaining Wall Design COMP. BY ASP DATE 3/17/2014
Wall WS1, Panels 9-10 CHECKED BY LNB DATE 3/17/2014
For the reinforcing steel used, ds = 18.00 - 3.00 -( 0500 /2) = 14.75 in
- 020 x 60 1 _ g
M= 090 x 020 x 60 x( 1475 T TI7T x40 x 12 ) x ( 2 ) = 13.14  k-ft
13.14 k-t > 6.99 k-t OK
Check minimum reinforcement for temperature and shrinkage (5.10.8) A= 020 in‘fft > 017  infft OK
Use #4 bars at 12.00 in c/c for bottom transverse reinforcement in the footing.
Longitudinal Reinforcement [5.10.8]
Provide longitudinal reinforcement in the footing based on shrinkage and temperature requirements.
hmax = max(hheelr htoe) = 18.00 in
Min. A, - 1.30 Woot Nimax - 130 x 114.00 X 18.00 - 047 2t
2 ( Wioot *+ Nimax) fy 2 x( 114.00 + 18.00 )x 60

The maximum spacing of reinforcement is:

Nrmin = min(hheelr htoe) = 18.00 in
Max. spacing = 3 hpin = 54.00 in
or Max. spacing = 18 in 18.00 in

or Max. spacing = 12 in (for walls and footings = 18 in thick) 1200 in  GOVERNS

Try:  #4 bars at 12.00 in c/c for the top and bottom longitudinal bars A= 020 in‘ft > 017  infft OK
011 < A= 020 intt < 060 OK
spacing = 12.00 in = 12.00 in OK

Use #4 bars at 12.00 in c/c for top and bottom longitudinal reinforcement in the footing.

Determine Loads for Wall Stem Design
The loads on the stem at the top of the footing are determined to arrive at the design forces for the wall.

Saturated Earth Pressure:
Pens) = (1/2) wes K, hee? = 05 «x 0.130 X 0.280 x( 885 = 143 k
Mers) = Pens) X [ (1/3) hes + hgy | = 1.43 x [ 0.333 X 8.85 + 0.00 ]= 4.21 k-ft

Buoyant Earth Pressure:
Penr) = Ka hsp [Wes hs + (1/2) W, hgp]
Pene) = 0.280 X 0.00 x [ 0.130 X 8.85 + 05 x 0.068 X 000 = 0.00 k
Y8 = [ hep (Wss hgs + (1/3) Wep hgp ) 1/ (2 Wes hgs + Wep, Dy )
Vg = [ 0.00 x ( 0.130 X 8.85 + 0.333 X 0.068 X 0.00 )1

/( 20 x 0.130 X 8.85 + 0.068 X 0.00 ) = 0.00 ft

Mes) = Pene) X Ve = 0.00 X 0.00 = 0.00  k-ft

Water Pressure:
Puwa = (1/2) Wiy Nyater = 05 «x 0.062 X (000 ) = 0.00 k
Mwa = Pwa X (1/3) hyater = 0.00 X 0.333 X 0.00 = 0.00  k-ft

Live Load Surcharge:
PLs = Wes Ka hy hg = 0.130 X 0.280 X 3.45 X 8.85 = 1.1 k
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CLIENT ODOT PROJECT NO. 1122-1001-00

PROJECT CUY-271-0.00 (PID 80418)

SUBJECT Reinforced Concrete Retaining Wall Design COMP. BY ASP DATE 3/17/2014
Wall WS1, Panels 9-10 CHECKED BY LNB DATE 3/17/2014
Mys = Prs x (1/2) h = 1.1 X 0.500 X 8.85 = 492 k-t

Collision Load at Top of Parapet:

Use a Live Load of 1929 Ibs/ft applied at h, = 3.5 ft above the top of the wall.

Per= 193 Kk

Mcr =Pcrx (hy + hy) 1.93 x ( 885 + 350 )= 23.82 k-t

Using the Strength | load combination, the factored design forces for the wall stem are:
Hy = 1.50 (Peys) + Peng) + 1.00 Pya + 1.75 (PLs + Pyy)
Hy= 150 x ( 143 + 0.00 )+ 1.00 x 0.00 + 175 x( 1.1 + 000 )= 4.08 k
My = 1.50 (Meys) + Meng) + 1.00 Mya + 1.75 (Mg + M)
M,= 150 x ( 421 + 0.00 )+ 1.00 x 0.00 + 175 x ( 492 + 000 )= 1491 k-t
The Extreme Event Il design forces for the wall stem are:
Hext = 1.50 (Pepys) + Peng)) + 1.00 Per + 0.50 (Ps + Pyy)
Hext = 150 x (143 + 0.00 )+ 1.00 x 1.93 + 050 x( 1.1 + 000 )= 462 k
Mext = 1.50 (Meyys) + Meng)) + 1.00 Mcr + 0.50 (Mg + M)
Mext = 150 x (  4.21 + 0.00 )+ 1.00 x 23.82 + 050 x( 492 + 000 )= 32.58 k-t
The service design forces for the wall stem are:
Hserv = 1.00 (Penys) *+ Pere)) + 1.00 Py + 1.00 (Prs + Pyy)
Hserv = 1.00 x (143 + 000 )+ 1.00 x 0.00 + 100 x( 111 + 000 )= 254 k
Mserv = 1.00 (Meiys) + Meng)) + 1.00 My + 1.00 (Mis + M)

Mser = 1.00 x (  4.21 + 000 )+ 1.00 x 0.00 + 100 x( 492 + 000 )= 912 k-t

Wall Stem Design - Investigate Shear

Shear typically does not govern the design of retaining walls. If shear does become an issue, the thickness of the stem should be increased such
that transverse reinforcement is not required.

Ignoring the benefits of the shear key and axial compression, the shear capacity of the stem can be shown to be greater than that required.
Vo=V + Vs +V, [5.8.3.3-1]

Recognizing that Vs and V,, are zero
Vo=V,
Ve =0.0316 8 (f,)*° b, d, [5.8.3.3-3]

The maximum effective shear depth is:

For 2.0 inch clear cover and #7 bars, ds = 18.00 - 2.00 -( 0875 /2) = 1556 in
d,=0.9d.,=0.9ds= 090 «x 15.56 = 14.01 in  GOVERNS
d,=0.72h=0.72 ty, = 072 x 18.00 = 1296 in

Follow the General Procedure using the provisions of Appendix B5, as per Section [5.8.3.4.2]:
B= 2020466 €= 0.00187 Swe= 11.42945 Max Aggregate Size = 1in (BDM S5.10.3.1.1)

¢ Vo= 0.90 X 0.0316 X 2.02 X (4.0 )0%0 x 12.00 X 14.01 = 1932 k
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CLIENT ODOT PROJECT NO. 1122-1001-00
PROJECT CUY-271-0.00 (PID 80418)
SUBJECT Reinforced Concrete Retaining Wall Design COMP. BY ASP DATE 3/17/2014
Wall WS1, Panels 9-10 CHECKED BY LNB DATE 3/17/2014
1932 k > 462 k OK
Wall Stem Design - Investigate Strength Limit State
Determine the area of back-face flexural reinforcement necessary to satisfy the design moment:
M,= 3258 k-t
Again use the equation:
3309 A - 450 dA+M,=0
Substituting and solving for A, it is found that required Ag = 0.48 in?/ft
Try:  #7 bars at 12.00 inclc A = 060 in“ft > 048 in¥ft OK
Wall Stem Design - Investigate Service Limit State [6.7.3.4]
Check the crack control equations to ensure that the primary flexural reinforcement is well distributed. The service load bending moment is:
Msery = 9.12 k-t
Check the modulus of rupture for concrete:
of.=90.24 (f,)*° = 0.80 X 0.24 X (40 )00 = 0.384  ksi
s= _ bt . 1200 x( 1800 Y _  geo0 o
6 6
fg=Men o 912 X 12 . 4469 ksi < 0384 ks OK
S 648.00
If modulus of rupture check is "NG", then check the spacing of the reinforcement. First, determine the modular ratio:
E. = 33,000 w,"® (,)>° = 33,000 x( 0150 ) x( 400 ) = 3834 ksi
n=EJE. = 29,000 / 3,834 = 756 ,usen= 8.00
For 2.0 inch clear cover and #7 bars, ds = 18.00 - 2.00 -( 0875 /2) = 1556 in
Determine the location of the neutral axis:
0.5bx*=n A, (ds - X)
0.5(12) X% = 8 x 060 x( 1556 -x)
solving, x = 3.15 in
Check the spacing of the reinforcement to control cracking:
y=ds-x= 15.56 - 3.15 = 1241 in
ler bé‘a + A (ds-xP
ler = 12.00 X (3 315 )° + 8 X 0.60 x ( 15.56 - 315 ¢ = 864.56 in*
Ye = 1.00
For 2.0 inch clear cover and #7 bars, d; = 2.00 +( 0875 /2) = 2.44 in
Bs= 10 + & = 10 + 244 = 1.22
0.7 (twy - dc) 0.7 x ( 18.00 - 244 )
fu= n —MT: Y. g 4 %12 X ;62‘5516 X 1200 _ 57 ki
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Smax = % -2.0d, = 1722 i 112'?507 - 20 «x 2.44 = 40.62 in
Smax = 40.62 in > 1200 in  OK
Wall Stem Design - Check Reinforcement Limits
Check Minimum Reinforcement [5.7.3.3.2]
Determine the cracking moment:
f.=024(f)° = 0.24 X (40 )00 = 0.48  ksi
lg=(1/12) b h® = 0.0833 X 12.00 x ( 1800 )%= 58320 in*
yi=(1/2) h = 0.5000 X 18.00 = 9.00 in
Mcr = V1V lg/ vt = 0.67 X 1.6 X 0.48 X 5832.0 /( 9.00 X 12.00 )= 27.79 k-t
The capacity of the section must be greater than or equal to the smaller of:
Mcr = 27.79 = 27.79 k-t GOVERNS
(4/13) M, = 1.33 X 32.58 = 43.45  k-ft
The capacity of the reinforcement is:
M. = @A f, (ds - a/2)
M= 090 x 060 x 60 x( 1556 17 0')?0 4X0 6)? 2 )X ( 112 ) = 40.83  k-ft
40.83 k-t > 2779 k-ft OK
Check minimum reinforcement for temperature and shrinkage (5.10.8) A= 0.60 in‘fft > 0.17  in“ft OK
Use #7 bars at 12.00 in c/c for wall stem back face vertical reinforcing.
Wall Stem Design - Shrinkage and Temperature Reinforcement [5.10.8]
A minimum amount of reinforcement should be placed near each face of concrete elements to limit the size of cracks associated with concrete
shrinkage and temperature changes.
Nimax = Max(tut, twp) = 18.00 in
hy = 885 ft = 106.20 in
Min. A ) 2 :::rﬁ::)xfy B 2 1>.(3(0 )1(06.2(: 06.23 X18.0018.0()Jx 60 B 017 in°ft
The maximum spacing of reinforcement is:
Pnin = Min(tat, tup) = 18.00 in
Max. spacing = 3 hpin = 54.00 in
or Max. spacing = 18 in = 18.00 in
or Max. spacing = 12 in (for walls and footings = 18 in thick) = 1200 in  GOVERNS
Try:  #4 barsat 12.00 inclc A= 020 in‘fit > 0.17  in“fft OK
011 < A= 020 in“ft < 060 OK
spacing = 12.00 in = 12.00 in OK
Use #4 bars at 12.00 in c/c for wall stem front face reinforcing and back face horizontal reinforcing.
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CLIENT ODOT PROJECT NO. 1122-1001-00
PROJECT CUY-271-0.00 (PID 80418)
SUBJECT Reinforced Concrete Retaining Wall Design COMP. BY ASP DATE 3/17/2014
Wall WS1, Panels 11-13 CHECKED BY LNB DATE 3/17/2014
Dimensions and Weights for Concrete Design
Footing width, Wy = 9.50 ft = 114.00 in Concrete weight, w, = 0.150  kcf
Water weight, w,, = 0.062  kcf
Footing heel width, Wyeq = 6.00 ft Saturated soil weight, wgs = 0.130  kcf
Footing heel height, hyee = 150 ft = 18.00 in Buoyant soil weight, wg, = 0.068  kcf
Footing toe width, Wiy, = 2.00 ft Height of wall, h,, = 10.89 ft top of heel to top of wall
Footing toe height, hyo, = 150 ft = 18.00 in Height of water, hyater = 0.00 ft top of heel to water line
Wall width at top, t,; = 150 ft = 18.00 in Height of soil, hy = 10.89 ft top of heel to ground line
Wall width at base, t,, = 150 ft = 18.00 in Height of satur. soil, hgs = 10.89 ft height of satur. soil above top of heel
Height of buoy. soil, hg, = 0.00 ft height of buoy. soil above top of heel
Concrete strength, f,' = 4.00  ksi
Rebar strength, f, = 60.00 ksi Active pressure coeff., K, = 0.280
Steel mod. of elast., Eg = 29,000 ksi LL surcharge soil ht., h;| = 3.14 ft

Optional Collision Loading for Barrier on Top of Wall

Per ODOT comments for I-70/71, use the transverse loading of 54 kips for a TL-4 test level railing [AASHTO, Table A13.2-1] distributed over the retaining wall's joint

spacing.

Collision Loading = y (yorn)
Joint Spacing = 28.00 ft
Barrier Height = 350 ft

Design Summary

Summary of Design Status

. Footing Wall

Design ltem Heel Toe Stem

Shear OK OK OK
Minimum Reinforcement OK OK OK
Shrinkage & Temperature OK OK OK
Crack Control N/A N/A OK

For calculations related to each design item, see below.

Design Footing for Shear

Design footings to have adequate shear capacity without transverse reinforcement.

Determine d,

Assume: #8 bars at 12.00
#4 bars at 12.00
For the heel:
dgheel = h - cover - dp,r / 2
A f,
Aheel = _
heel 0.85f,'b
[5.8.2-9] dvheel = dsheel -al2
or dypee; = 0.90 de
or dyheet = 0.72 h
For the toe:
dstoe = h - cOver - dp,r / 2
A fy
Atoe = —_—
e 0.85f,'b
[5829] dv(oe = ds(oe -al2

or dyiee = 0.90 de

[5.13.3.6]

in c/c for the top transverse bars in the heel
in c/c for the bottom transverse bars in the toe

= 1800 - 2.00 - (
_ 079 x 60

085 x 40 x 12
= 1550 - ( 116 /2)
= 0.90 x 1550
= 0.72 X  18.00
= 1800 - 3.00 -
_ 020 x 60

085 x 40 x 12
= 1475 - ( 029 /2)
= 0.90 x 1475

Wall WS1 T-Type LRFD Wall Concrete Design - Panels 11-13

Reinforcing Steel Summary

Footing: Top transverse: #8 bars at 12.00 in c/c
Bottom transverse: #4 bars at 12.00 in c/c
Longitudinal: #4 bars at 12.00 in c/c
Wall Stem: Back face vertical: #8 bars at 12.00 in c/c
Front face vertical: #4 bars at 12.00 in c/c
Horizontal: #4 bars at 12.00 in c/c
As= 0.79 in“/ft 2.0 in cover
Ag= 0.20 in“/ft 3.0 in cover
1.000 /2) = 1550 in
= 1.16 in
= 1492 in  GOVERNS
= 13.95 in
= 1296 in
0500 /2) = 1475 in
= 0.29 in
= 1460 in GOVERNS
= 13.28 in
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or dyee =0.72 h = 0.72 X 18.00 = 1296 in

Check Heel for Shear

The critical shear section for the heel of the footing is located at the back face of the wall. The heel of the footing is assumed to carry its
self weight and the rectangular soil block above it. This neglects the benefit of any upward soil pressure below the footing (conservative).

Vu = (7EV Wss hss + VeV Wep hsb + Ve We hheel + VL Wes hLL + 7wa W hwater) X Wheel

Vu= (135 x 0.130 X 10.89 + 135 «x 0.068 X 0.00 + 125 «x 0.150 X 1.50
1.75 x 0.130 X 3.14 + 100 x 0.062 X 000 ) «x 6.00 = 17.44 K/t

[5.8.3.3] Using (8 =2.00 and assuming bars in the top mat as above:

[5.8.34] @V.=90.0316 3 (f,)*° b, d,

[6.8.2.9]
¢Ve= 0.90 X 0.0316 X 2.00 X (4.0 )0%0 x 12.00 X 14.92 = 2037 k
2037 k > 1744  k OK
Check Toe for Shear
The peak bearing stress is 3.13  ksf for the Extreme llb  load case.

The critical section for the toe of the footing is at dv from the front face of the wall. For a quick simplified check, try applying the peak bearing
stress over the entire length of the toe (conservative).

Vi = Oy Wige 3.13 X 2.00 = 6.26  k/ft
[5.8.3.3] Using (8 =2.00 and assuming bars in the bottom mat as above:

[5.8.34] @V.=90.0316 3 (f.)*° b, d,

[6.8.2.9]
¢Ve= 0.90 X 0.0316 X 2.00 X (4.0 )0%0 x 12.00 X 14.60 = 1993 k
19.93 k > 6.26 k OK
Design Footing Reinforcement [5.13.3.4]

Each mat of reinforcement is checked to ensure that it has adequate capacity and that the maximum and minimum reinforcement checks are satisfied.
The critical section for flexure in the footing is at the face of the wall.

Top Transverse Reinforcement
From the shear check of the heel, V, = 17.44 K/t
My = Vi X (Wheei / 2) = 17.44 x ( 6.00 /2) = 52.32 k-t

Set up the equation to solve for the required steel area:

A f
Muz([NIn:(pAsfy(ds'a/Z) = (pAsfy(ds' ;'y)
1.7f'b
M,= 090 x A x 60 (ds- As x 60 )x(—1—)
1.7 x 40 x 12 12
3309 AZ - 450 dgAy+M,=0
For the reinforcing steel assumed for the heel, ds = 1550 in
Substituting and solving for A, it is found that required A = 0.78 in?/ft
Try: #8 bars at 12.00 in c/c for the top transverse bars in the heel As= 0.79 in’/ft
Check Minimum Reinforcement [6.7.3.3.2]
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Determine the cracking moment:

=024 (F)° = 024  x ( 40 )% = 048  ksi
lp=(112)bh®> = 00833 x 1200 x( 1800 )%= 58320 i
y=(1/2)h = 05000 x 1800 = 9.00 in
Mer = V1 ¥a Iy / e = 160 x 067 x 048  x 58320 /( 900 x 1200 )=  27.79 k-t

The capacity of the section must be greater than or equal to the smaller of:

Mcr = 27.79 = 27.79 k-t GOVERNS
(413) M = 1.33 X 52.32 = 69.76  k-ft

The capacity of the top mat of reinforcement is:

M, = @A, (d; - a/2)

For the reinforcing steel used, ds = 18.00 - 2.00 -( 1000 /2) = 15.50 in
M= 09 x 079 x 60 x( 1550 7 0.;9 4).(0 6X0 2 ) x ( 112 ) = 53.04  k-ft
53.04 k-t > 2779 k-ft OK
Check minimum reinforcement for temperature and shrinkage (5.10.8) A= 079 in‘fft > 017  in“fft OK
Use #8 bars at 12.00 in c/c for top transverse reinforcement in the footing.
Bottom Transverse Reinforcement
From the shear check of the toe, V, = 6.26 k/ft
My = Vy X (Wyoe / 2) = 6.26 x( 200 /2) = 6.26 k-t
Set up the equation to solve for the required steel area and again use:
3309 A - 450 dA+M,=0
For the reinforcing steel assumed for the heel, ds = 14.75 in
Substituting and solving for A, it is found that required A = 0.09 in?/ft
Try: #4 bars at 12.00 in c/c for the bottom transverse bars in the toe As= 0.20 in’/ft
Check Minimum Reinforcement [56.7.3.3.2]
Determine the cracking moment:
f.=024(f)° = 0.24 X (40 )00 = 0.48  ksi
lg=(1/12) b h® = 0.0833 X 12.00 x ( 1800 )%= 58320 in*
yi=(1/2) h = 0.5000 X 18.00 = 9.00 in
Mcr = V1V lg/ vt = 1.60 X 0.67 X 0.48 X 5832.0 /( 9.00 X 12.00 )= 27.79 k-t

The capacity of the section must be greater than or equal to the smaller of:

Mcr = 2179 = 2779 kft
(4/3) M, 133 X 626 = 8.35 kft GOVERNS

The capacity of the bottom mat of reinforcement is:

M, = @A, (d; - a/2)
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For the reinforcing steel used, ds = 18.00 - 3.00 -( 0500 /2) = 1475 in
- 020 x 60 1 _ g
M= 09 x 020 x 60 x( 1475 T TI7T x40 x 12 ) x ( 2 ) = 13.14 k-t
13.14 k-t > 835 k-t OK
Check minimum reinforcement for temperature and shrinkage (5.10.8) A= 020 in‘ft > 017  in“fft OK
Use #4 bars at 12.00 in c/c for bottom transverse reinforcement in the footing.
Longitudinal Reinforcement [5.10.8]
Provide longitudinal reinforcement in the footing based on shrinkage and temperature requirements.
hmax = max(hheelr htoe) = 18.00 in
Min. A, - 1.30 Woot Nimax - 130 x 114.00 X 18.00 - 0417 2t
2 ( Wioot *+ Nimax) fy 2 x( 114.00 + 18.00 )x 60

The maximum spacing of reinforcement is:

Nrmin = min(hheelr htoe) = 18.00 in
Max. spacing = 3 hpin = 54.00 in
or Max. spacing = 18 in 18.00 in

or Max. spacing = 12 in (for walls and footings = 18 in thick) 1200 in  GOVERNS

Try:  #4 bars at 12.00 in c/c for the top and bottom longitudinal bars A= 020 in‘fft > 017  in“fft OK
011 < A= 020 intt < 060 OK
spacing = 12.00 in = 12.00 in OK

Use #4 bars at 12.00 in c/c for top and bottom longitudinal reinforcement in the footing.

Determine Loads for Wall Stem Design
The loads on the stem at the top of the footing are determined to arrive at the design forces for the wall.

Saturated Earth Pressure:
Pens) = (1/2) wes K, hee? = 05 «x 0.130 X 0.280 x ( 1089 = 216  k
Mers) = Pens) X [ (1/3) hes + hgy | = 2.16 x [ 0.333 X 10.89 + 0.00 ]= 7.83 k-t

Buoyant Earth Pressure:
Penr) = Ka hsp [Wes hs + (1/2) W, hgp]
Pene) = 0.280 X 0.00 x [ 0.130 X 10.89 + 05 x 0.068 X 000 = 0.00 k
Y8 = [ hep (Wss hgs + (1/3) Wep hgp ) 1/ (2 Wes hgs + Wep, Dy )
Vg = [ 0.00 x ( 0.130 X 10.89 + 0.333 X 0.068 X 0.00 )1

/( 20 x 0.130 X 10.89 + 0.068 X 0.00 ) = 0.00 ft

Mes) = Pene) X Ve = 0.00 X 0.00 = 0.00  k-ft

Water Pressure:
Puwa = (1/2) Wiy Nyater = 05 «x 0.062 X (000 ) = 0.00 k
Mwa = Pwa X (1/3) hyater = 0.00 X 0.333 X 0.00 = 0.00  k-ft

Live Load Surcharge:
PLs = Wes Ka hy hg = 0.130 X 0.280 X 3.14 X 10.89 = 124  k
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Mys = Prs x (1/2) h = 1.24 X 0.500 X 10.89 = 6.78  k-ft

Collision Load at Top of Parapet:
Use a Live Load of 1929 Ibs/ft applied at h, = 3.5 ft above the top of the wall.

Per= 193 Kk

Mcr =Pcrx (hy + hy) 1.93 x ( 10.89 + 350 )= 27.75 k-t

Using the Strength | load combination, the factored design forces for the wall stem are:
Hy = 1.50 (Peys) + Peng) + 1.00 Pya + 1.75 (PLs + Pyy)
Hy,= 150 x ( 216 + 0.00 )+ 1.00 x 0.00 + 175 x( 124 + 000 )= 542 k
My = 1.50 (Meys) + Meng) + 1.00 Mya + 1.75 (Mg + M)
M,= 150 x( 7.83 + 0.00 )+ 1.00 x 0.00 + 175 x( 6.78 + 000 )= 23.61 k-t
The Extreme Event Il design forces for the wall stem are:
Hext = 1.50 (Pepys) + Peng)) + 1.00 Per + 0.50 (Ps + Pyy)
Hext = 150 x ( 216 + 0.00 )+ 1.00 x 1.93 + 050 x( 124 + 000 )= 579 k
Mext = 1.50 (Meyys) + Meng)) + 1.00 Mcr + 0.50 (Mg + M)
Mext = 150 x ( 7.83 + 0.00 )+ 1.00 x 27.75 + 050 x( 6.78 + 000 )= 42.89 k-t
The service design forces for the wall stem are:
Hserv = 1.00 (Penys) *+ Pere)) + 1.00 Py + 1.00 (Prs + Pyy)
Hserv = 1.00 x ( 216 + 000 )+ 1.00 x 0.00 + 100 x( 124 + 000 )= 340 k
Mserv = 1.00 (Meiys) + Meng)) + 1.00 My + 1.00 (Mis + M)

Mser = 1.00 x ( 7.83 + 000 )+ 1.00 x 0.00 + 100 x( 6.78 + 000 )= 1461 k-ft

Wall Stem Design - Investigate Shear

Shear typically does not govern the design of retaining walls. If shear does become an issue, the thickness of the stem should be increased such
that transverse reinforcement is not required.

Ignoring the benefits of the shear key and axial compression, the shear capacity of the stem can be shown to be greater than that required.
Vo=V + Vs +V, [5.8.3.3-1]

Recognizing that Vs and V,, are zero
Vo=V,
Ve =0.0316 8 (f,)*° b, d, [5.8.3.3-3]

The maximum effective shear depth is:

For 2.0 inch clear cover and #8 bars, ds = 18.00 - 2.00 -( 1000 /2) = 1550 in
d,=0.9d.,=0.9ds= 090 «x 15.50 = 1395 in  GOVERNS
d,=0.72h=0.72 ty, = 072 x 18.00 = 1296 in

Follow the General Procedure using the provisions of Appendix B5, as per Section [5.8.3.4.2]:
B= 2024824 €= 0.00186 Se= 11.42945 Max Aggregate Size = 1in (BDM S5.10.3.1.1)

¢ Vo= 0.90 X 0.0316 X 2.02 X (4.0 )0%0 x 12.00 X 13.95 = 19.28 k
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19.28 k > 579 k OK
Wall Stem Design - Investigate Strength Limit State
Determine the area of back-face flexural reinforcement necessary to satisfy the design moment:
M,= 4289 k-t
Again use the equation:
3309 A - 450 dA+M,=0
Substituting and solving for A, it is found that required Ag = 0.63 in?/ft
Try:  #8 barsat 12.00 inclc A= 079 int > 0.63 in¥ft OK
Wall Stem Design - Investigate Service Limit State [6.7.3.4]
Check the crack control equations to ensure that the primary flexural reinforcement is well distributed. The service load bending moment is:
Msery = 1461 k-t
Check the modulus of rupture for concrete:
of.=90.24 (f,)*° = 0.80 X 0.24 X (40 )00 = 0.384 ki
s= _ bt o 1200 x( 1800 Y _  gen0 o
6 6
fg= Moo o 1481 X 12 _ 4074 k5 < 0384 ksi OK
S 648.00
If modulus of rupture check is "NG", then check the spacing of the reinforcement. First, determine the modular ratio:
E. = 33,000 w,"® (,)>° = 33,000 x( 0150 ) x( 400 ) = 3834 ksi
n=EJE. = 29,000 / 3,834 = 756 ,usen= 8.00
For 2.0 inch clear cover and #8 bars, ds = 18.00 - 2.00 -( 1000 /2) = 15.50
Determine the location of the neutral axis:
0.5bx*=n A, (ds - X)
0.5(12) X% = 8 x 079 x( 1550 -x)
solving, x = 355 in
Check the spacing of the reinforcement to control cracking:
y=ds-x= 15.50 - 3.55 = 1195 in
ler bé‘a + A (ds-xP
ler = 12.00 X (3 355 ) + 8 X 0.79 x ( 15.50 - 355 ¥ = 1081.47 in*
Ye = 1.00
For 2.0 inch clear cover and #8 bars, d; = 2.00 +( 1000 /2) = 2.50 in
Bs= 10 + & = 10 + 2:50 = 1.23
0.7 (twy - dc) 0.7 x ( 18.00 - 250 )
fo= n % _ 8 « 14.61 X 1(1):319‘517 X 12.00 - 1550  ksi
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Smax = % -2.0d, = 1722 i 115'?500 - 20 «x 2.50 = 31.70 in
Smax = 31.70 in > 1200 in  OK
Wall Stem Design - Check Reinforcement Limits
Check Minimum Reinforcement [5.7.3.3.2]
Determine the cracking moment:
f.=024(f)° = 0.24 X (40 )00 = 0.48  ksi
lg=(1/12) b h® = 0.0833 X 12.00 x ( 1800 )%= 58320 in*
yi=(1/2) h = 0.5000 X 18.00 = 9.00 in
Mcr = V1V lg/ vt = 0.67 X 1.6 X 0.48 X 5832.0 /( 9.00 X 12.00 )= 27.79 k-t
The capacity of the section must be greater than or equal to the smaller of:
Mcr = 27.79 = 27.79 k-t GOVERNS
(4/13) M, = 1.33 X 42.89 = 57.19 k-t
The capacity of the reinforcement is:
M. = @A f, (ds - a/2)
M= 090 x 079 x 60 x( 1550 17 O.ZQ 4X0 6)? 2 )X ( 112 ) = 53.04 k-t
53.04 k-t > 2779 k-ft OK
Check minimum reinforcement for temperature and shrinkage (5.10.8) A= 079 in‘fit > 0.17  in“ft OK
Use #8 bars at 12.00 in c/c for wall stem back face vertical reinforcing.
Wall Stem Design - Shrinkage and Temperature Reinforcement [5.10.8]
A minimum amount of reinforcement should be placed near each face of concrete elements to limit the size of cracks associated with concrete
shrinkage and temperature changes.
Nimax = Max(tut, twp) = 18.00 in
hy = 10.89 ft = 130.68 in
Min. A ) 2 :::rﬁ::)xfy B 2 1>.(3(0 )1(30.6;30.6? X18.0018.0()Jx 60 B 017 in°ft
The maximum spacing of reinforcement is:
Pnin = Min(tat, tup) = 18.00 in
Max. spacing = 3 hpin = 54.00 in
or Max. spacing = 18 in = 18.00 in
or Max. spacing = 12 in (for walls and footings = 18 in thick) = 1200 in  GOVERNS
Try:  #4 barsat 12.00 inclc A= 020 in‘fit > 0.17  in“fft OK
011 < A= 020 in“ft < 060 OK
spacing = 12.00 in = 12.00 in OK
Use #4 bars at 12.00 in c/c for wall stem front face reinforcing and back face horizontal reinforcing.
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