
A reinforced earth retaining wall is to be 20 ft high. The properties of the backfill material are g = 110 lb/ft3 and f = 

30o. Galvanized steel ties are to be used for the construction of the wall. Design the Reinforcements with FS(B) = 3, 

FS(p) = 3, fy = 29,000psi and ftie= 20o. 

Extend the tie beyond the 

active wedge to provide 

enough support against 

earth pressure of the panel
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Yield Strength of Steel

t = thickness of tie

Friction angle between steel and soil (given)





Example:
A reinforced earth retaining wall is to be 30 ft high. The properties of the backfill material are γ = 110 lb/ft3  and φ = 30ο. 

Galvanized steel ties are to be used for the construction of the wall. Find the lengths (Ltotal) and thicknesses (t) of the 

steel ties with FS(B)= 3, FS(p) = 3, fy= 60000 psi, width of ties (w)= 4in,   and  dtie= 20ο

H=30ft

sa5

sa6

sa7

sv3= 12.5’ x 110 = 1,375 psf

sv2= 7.5’ x 110 = 825 psf

sv1= 2.5’ x 110 = 275 psf 

sa1 = 0

g = 110 lb/ft3

f = 30o

LR1 = Rankine Length for panel 1 Le1 = Effective Length

5’

sa4

sa3

Sv = 5’

SH = 5’
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LR3 = Rankine length for panel 3

To determine 

LR3 = Rankine Length for panel 3 = 
𝑋

𝐿𝑅3
=

17.32

𝐿𝑅3
=

𝑯

𝑍3
=

30 𝑓𝑡

17.5 𝑓𝑡

𝐿𝑅3 =
17.32 𝑥 17.5

30
= 10.10 ft

sa2 = 5’x110=550 psf

𝑡𝑎𝑛30𝑜 =
𝑋

30′
…… 𝑋 = 17.32 𝑓𝑡

Z3 = 12.5 ft

1 = point 1

5’ + 5’ +2.5’

45 + f/2

sa4

sa3

𝐿𝑡𝑜𝑡𝑎𝑙 3 = 𝐿𝑅3 + 𝐿𝑒3

𝐿𝑒3 =
3 (𝜎ℎ3. 𝑆𝑣 . 𝑆𝐻)

2. 𝑤. 𝜎𝑣3. 𝑡𝑎𝑛𝛿

Le3 = Effective length for panel 3

sv3= 12.5’ x 110 = 1,375 psf

𝐹𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝐹𝑜𝑟𝑐𝑒 = 𝜎𝑣3 𝑥 𝑡𝑎𝑛𝛿 𝑥 𝑤 𝑥 𝐿𝑒3 𝑥 2

𝑤
𝐿𝑒3

Width of the tie

Two sides of the tie (top and bottom sides)

This equation came from →→→ Factor of Safety against Pull Out Failure = 3 =
𝑅𝑒𝑠𝑖𝑠𝑡𝑖𝑛𝑔 𝐹𝑜𝑟𝑐𝑒

𝐷𝑟𝑖𝑣𝑖𝑛𝑔 𝐹𝑜𝑟𝑐𝑒
=

𝐹𝑟𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝐹𝑜𝑟𝑐𝑒

𝐴𝑐𝑡𝑖𝑣𝑒 𝐹𝑜𝑟𝑐𝑒 𝑃𝑎
=

2.𝑤.𝐿𝑒3.𝜎𝑣3.𝑡𝑎𝑛𝛿

𝜎ℎ3.𝑆𝑣.𝑆𝐻
= 3

𝐷𝑟𝑖𝑣𝑖𝑛𝑔 𝐹𝑜𝑟𝑐𝑒 𝑃𝑎

𝑅𝑒𝑠𝑖𝑠𝑡𝑖𝑛𝑔 𝐹𝑜𝑟𝑐𝑒



Solution

Factor of safety against tie breaking  = 3 = 
𝑅𝑒𝑠𝑖𝑠𝑡𝑖𝑛𝑔 𝐹𝑜𝑟𝑐𝑒

𝐷𝑟𝑖𝑣𝑖𝑛𝑔 𝐹𝑜𝑟𝑐𝑒
=

𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑡𝑒𝑒𝑙 𝑐𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛

𝐴𝑐𝑡𝑖𝑣𝑒 𝐹𝑜𝑟𝑐𝑒 𝑃𝑎
=

𝑡 . 𝑤. 𝑓𝑦

𝜎ℎ3 . 𝑆𝑣 . 𝑆𝐻
= 3

Thickness of the tie Width of the tie

Yield strength of the tie

H 30

g 110

f 30

d 20

ka 0.33

kp 3 X = H x tan 30o
17.321

w 4 0.25 w = 4 in w = 0.25 ft

fy 29,000 4,176,000 fy=29000 psi fy=4176000 psf

F.S 3

Sv 5

Sh 5

q 30

F.Spullout 3

F.Sbreaking 3

Point Panel Tie Depth Depth, D (ft)
Vetical Stress 

psf

Vetical Stress 

psf
Lateral Stress psf sh Sv Sh 2 w sv tand w fy LR (ft) Le (ft) Ltotal (ft) t (ft) t (in)

1 0 0

1 1 2.5 275 91.67 2,291.67                       66.728 1,044,000                  15.88 103.03 118.91 0.00659       0.0790                 

2 5 550

2 2 7.5 1100 366.67 9,166.67                       266.912 1,044,000                  12.99 103.03 116.02 0.02634       0.3161                 

3 10 1100

3 3 12.5 1925 641.67 16,041.67                    467.095 1,044,000                  10.10 103.03 113.13 0.04610       0.5532                 

4 15 1650

4 4 17.5 2750 916.67 22,916.67                    667.279 1,044,000                  7.22 103.03 110.25 0.06585       0.7902                 

5 20 2200

5 5 22.5 3575 1191.67 29,791.67                    867.462 1,044,000                  4.33 103.03 107.36 0.08561       1.0273                 

6 25 2750

6 6 27.5 4400 1466.67 36,666.67                    1067.646 1,044,000                  1.44 103.03 104.47 0.10536       1.2644                 

7 30 3300

 𝐹. 𝑆  𝑙𝑙𝑜 𝑡= 
2 𝐿𝑒 𝑤 𝜎𝑣 𝑡𝑎𝑛𝛿

𝜎𝑣  𝑎  𝑆𝑣 𝑆ℎ
= 2.5 to 3  .... 𝜎𝑣  𝑎 = 𝜎ℎ ........  𝐿𝑒 =

3 (𝜎ℎ.𝑆𝑣.𝑆𝐻)

2.𝑤.𝜎𝑣.𝑡𝑎𝑛𝛿

 𝐹. 𝑆𝑡𝑖𝑒  𝑟𝑒𝑎 𝑖𝑛𝑔= 
𝑡 𝑤 𝑓𝑦 

(𝜎𝑣  𝑎)𝑆𝑣 𝑆ℎ
= 2.5 to 3 .... 𝜎𝑣  𝑎 =  𝜎ℎ 𝑡 =

3 (𝜎ℎ.𝑆𝑣.𝑆𝐻)

𝑤 .𝑓 

To determine 

LR3 = Rankine Length for panel 3 = 
𝑋

𝐿𝑅3
=  

17.32

𝐿𝑅3
=

𝑯

𝑍3
= 

30 𝑓𝑡

12.5 𝑓𝑡

𝐿𝑅3 =
17.32 𝑥 17.5

30
= 10.10 ft


