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}CF:J8CA79

�
�
�����
���
�+����+����
�+��L��/��
�
����~��+������3�]�*�
��������+����������+��+
�+���!���+����+�+����+���3�]�*�����
����
�����
��
�


�+
��������+���+��
��������������������+���+��
���!������++�����������L���+���
��
��
�+
��������/+��
�+��������!+����+�!����+���
���
�+��
��

��+��
���!������++����������
�����+�+L��+�����~��+�
�!������++����
������������������+���-4
]��������+��+���+
��!���(����+��+������+����

�����
��+�����+��+���������+�+�/��
���������+�����~+�������������!�����/
��
LL+���!�+��+���������������������+�+������+�!������
�!���(����+

�+������+�����

	����
�������+��
��������+�����+
�����/������+���
�����+��
��!�����+��������
����+�+�
/��+��L��������
��!���������������

.���+���+���L��/
�������+�+��+����������!+����+�����+��+~+������+�����+�����
��
����������������
����������������
���/+�����+������������

�����
�������L�������
����
����
�+�/
�+��
����+�+��+�������+��+�����������������+���+������+��+�������L���
�����+��L���
�����
�����!������

��/�+�+���+�
/��
�����
���~+��L��
������L�����
����
��������
�������
���
�����
����������+����++���������+�����+��+�����L+�����
�����
����+�

�������+�����
����+���+��L��������L��/
������+��
�+���+�����������/+����L��������/�+�+������L+�����
�����
~����+��+��+��+�
���Y��!�+��+

�����+�L�+����L���
����+������������������+�L�����+���
��
����L��
�+��+����+���L���������L+�����
���������+���+�����
���
����������+��+�������L���+

�+��������~��+����������!+����+��5�+����L���+���L��/
�����L��/������!+����+�
���/+�
�����
�������
�������L��/��������+��5�+��L���+���������L

����!+����+��+�����/���
����~
�����+��~+����������������+����+��+��������+L�������������+
����~
�
�����+���+�
����L����+

�������

���������������������������������������

Page 6 of 112



���������������	 �
���
�
����������
����

���������
�
����
������������� �!���"�
�#$����%%�%&'���#(�)�$��)�*�'
���+��#%,,�-.�����/
��0�1����++2��3�//��1���	4�&),&$1���53� ���

�����!+����+���+�������/����
����6
�������+���6+������������������+�����+���+��������+�7���������������+�
����6
��
������+���+�
�����7�����+

������������+��+�����+������
�����+���������+����
����������+��+�����

Page 7 of 112



��������������	
 	���
������������������

���������������������������� �!��"��#��$���%&����''�'()�� %*���&����+�)����"��%',,�-.�����#���/�0����""1��2�##��0���
3�(�,(&0���42	 ���


������������������

56789:;<=>?8@7AB?=

CDD86EEF ',,�-.�����#���/����""1��2�##����
3�(�,(&�

42	

G??8DB=7A6EF &����''�'(��*���&����+�

HI6J7AB?=F �,���K�

LB@6EA7@MF �,��*,�*����&����,(����N

O7P78D;LQM6F 2"��#��

R6>686=96

S?9T@6=AF

	2�U+*�(

RBEV;G7A6W?8QF XX

5BA6;GI7EEF �

YGHR;O?8BP?=A7I;R6EM?=E6;5M69A8T@ S6EBW=;O?8BP?=A7I;R6EM?=E6;5M69A8T@

Z7EB9;[787@6A68E

\7@6 ]7IT6 S6E98BMAB?=

22 ,�,�� 
�U/� ������#������̂�"����%,���_

2� ,�,(� 
�U/� ������#������̂�"����%��,�_

2
2 ,���� 2��"*#���K�"����"���������"�"�������̀���"

2
� ,��,� 2��"*#���K�"����"���������"�"�������̀���"

2a2 ,�,�( -�#"�����"��#����"�� ��̀���"����,����2	

2a� ,�,(� -�#"�����"��#����"�� ��̀���"������,��2	

bCDDBAB?=7I;<=>?8@7AB?=

\7@6 ]7IT6 S6E98BMAB?=

2a� c 2"��#����"�� �����" ���

d� ��& 2��"��#���K��������K���������,���

d̀ ��' 2��"��#���K��������K�����������,�

efeghij

klmnopqrqsrmqloonotrmqurprqvwxwyqznn{|l

, � � ( � �, �� [68B?D;}E~

,�,,

,�,�

,�,�

,�,(

,�,�

,��,

,���

57}W~

, � � ( � �, �� [68B?D;}E~

,�,,

,�,�

,�,�

,�,(

,�,�

57}W~

Page 8 of 112



��������������	
 	���
������������������

���������������������������� �!��"��#��$���%&����''�'()�� %*���&����+�)����"��%',,�-.�����#���/�0����""1��2�##��0���
3�(�,(&0���42	 ���

�/2 ,���+ ��"55���"����5����6�7,���8

�/� ,��++ ��"55���"����5����6�7��,�8

9:	 ,�,�+ 
�;:��"�6� ���������"�"������

<9:	 ��& 2��"��#���5��������5���������9:	

9:	
 ,�,(� 2��"�#���5�"���"�6� ���������"�"������

�� �� ��� *�"�����������������"�����7�8

2�/� ,�,�� 9����������������6*��� "�"�� ������#������7,���8

2�4
 ,��,+ <�����"�����5��#*���������"���������"�"�������7�0��������������5

"=�""����"����',��"���8

2�> ��' <�����"���"�"�#�����������"�"�������?���"�7,���8

2�/� ,�,(� 9����������������6*��� "�"�� ������#������7��,�8

2�4
 ,�,++ <�����"�����5��#*���������"���������"�"�������7�0��������������5

"=�""����"����',��"���8

2�> ,�( <�����"���"�"�#�����������"�"�������?���"�7��,�8

9:	� ,�' <�����"���"�"�#�����������"�"�������?���"�79:	8

@ABCDBEFGHECIJKILMHBKCABDBCNOCPO@CDBQGBLHCMJRCEHMHBCSDCGSLMGCMTBJKTBJHECHSCHABCUMGFBECSDCMJRCKBGIJBMHISJCGIJBECTMKBCKFDIJVCHABCWFIGKIJVCLSKB

MKSXHISJCXDSLBEEYCZEBDECEASFGKCLSJQIDTCMJRCSFHXFHCSWHMIJBKCQDSTCHAIECHSSGC[IHACHABCGSLMGC\FHASDIHRC]MUIJVĈFDIEKILHISJCWBQSDBCXDSLBBKIJVC[IHA
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Kreher Engineering Inc.

208 N Main St., Suite H, Columbia, IL 62236

Project

Dutch Bros

Job Ref.

K21-002

Section Sheet no./rev.

 1

Calc. by

NJD

Date

9/20/2021

Chk'd by Date App'd by Date

SNOW LOADING

In accordance with ASCE7-16

Tedds calculation version 1.0.10

Building details

Roof type; Flat

Width of roof; b = 49.08 ft

Ground snow load

Ground snow load (Figure 7.2-1); pg = 20.00 lb/ft2

Density of snow; γ = min(0.13 × pg / 1ft + 14lb/ft3, 30lb/ft3) = 16.60 lb/ft3

Terrain typeSect. 26.7; C

Exposure condition (Table 7.3-1); Partially exposed

Exposure factor (Table 7.3-1); Ce = 1.00 

Thermal condition (Table 7.3-2); All

Thermal factor (Table 7.3-2); Ct = 1.00 

Importance category (Table 1.5-1); II

Importance factor (Table 1.5-2); Is = 1.00 

Min snow load for low slope roofs (Sect 7.3.4); pf_min = Is × pg = 20.00 lb/ft2

Flat roof snow load (Sect 7.3); pf = 0.7 × Ce × Ct × Is × pg = 14.00 lb/ft2

Left parapet

Balanced snow load height; hb = pf / γ = 0.84 ft

Height of left parapet; hpptL = 6.00 ft

Height from balance load to top of left parapet; hc_pptL = hpptL - hb = 5.16 ft

Length of roof - left parapet; lu_pptL = b = 49.08 ft

Drift height windward drift - left parpet; hd_l_pptL = √(Is) × 0.75 × (0.43 × (max(20 ft, lu_pptL) × 1ft2)1/3 × (pg / 1lb/ft2 + 

10)1/4 - 1.5ft) = 1.64 ft

Drift height - left parapet; hd_pptL = min(hd_l_pptL, hpptL - hb) = 1.64 ft

Drift width; Wd_pptL = min(4 × hd_l_pptL, 8 × (hpptL - hb), b) = 6.55 ft

Drift surcharge load - left parapet; pd_pptL = hd_pptL × γ = 27.20 lb/ft2

Right parapet

Height of right parapet; hpptR = 6.00 ft

Height from balance load to top of right parapet; hc_pptR = hpptR - hb = 5.16 ft

Length of roof - right parapet; lu_pptR = b = 49.08 ft

Drift height windward drift - right parpet; hd_l_pptR = √(Is) × 0.75 × (0.43 × (max(20 ft, lu_pptR) × 1ft2)1/3 × (pg / 1lb/ft2 + 

10)1/4 - 1.5ft) = 1.64 ft

Drift height - right parapet; hd_pptR = min(hd_l_pptR, hpptR - hb) = 1.64 ft

Drift width; Wd_pptR = min(4 × hd_l_pptR, 8 × (hpptR - hb), b) = 6.55 ft

Drift surcharge load - right parapet; pd_pptR = hd_pptR × γ = 27.20 lb/ft2
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Kreher Engineering Inc.

208 N Main St., Suite H, Columbia, IL 62236

Project

Dutch Bros

Job Ref.

K21-002

Section Sheet no./rev.

 2

Calc. by

NJD

Date

9/20/2021

Chk'd by Date App'd by Date

6'6'

49' 1"

Roof elevation

Balanced load 20.0 psf

41.2 psf

14.0 psf

6' 6.6"

Parapet

6' 6.6"

Parapet

41.2 psf

14.0 psf

 

Drift calculations

Balanced snow load height; hb = pf / γ = 0.84 ft

Length of upper roof; lu = 86.00 ft

Length of lower roof; ll = 4.00 ft

Height diff between uppper and lower roofs; hdiff = 12.00 ft

Height from balance load to top of upper roof; hc = hdiff - hb = 11.16 ft

Drift height leeward drift; hd_l = min(√(Is) × (0.43 × (max(20 ft, lu) × 1ft2)1/3 × (pg / 1lb/ft2 + 10)1/4 - 

1.5ft),0.6 × ll) = 2.40 ft

Drift height windward drift; hd_w = min(0.75 × √(Is) × (0.43 × (max(20 ft, ll) × 1ft2)1/3 × (pg / 1lb/ft2 + 10)1/4 

- 1.5ft), √(Is × pg × ll / (4 × γ))) = 0.92 ft

Maximum lw/ww drift height; hd_max = max(hd_w, hd_l) = 2.40 ft

Drift height; hd = min(hd_max, hc) = 2.40 ft

Drift width; Wd = min(4 × hd_max, 8 × hc) = 9.60 ft

Drift surcharge load; pd = hd × γ = 39.84 lb/ft2
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SNOW LOADING

In accordance with ASCE7-16

Tedds calculation version 1.0.10

Building details

Roof type; Flat

Width of roof; b = 24.58 ft

Ground snow load

Ground snow load (Figure 7.2-1); pg = 20.00 lb/ft2

Density of snow; γ = min(0.13 × pg / 1ft + 14lb/ft3, 30lb/ft3) = 16.60 lb/ft3

Terrain typeSect. 26.7; C

Exposure condition (Table 7.3-1); Partially exposed

Exposure factor (Table 7.3-1); Ce = 1.00 

Thermal condition (Table 7.3-2); All

Thermal factor (Table 7.3-2); Ct = 1.00 

Importance category (Table 1.5-1); II

Importance factor (Table 1.5-2); Is = 1.00 

Min snow load for low slope roofs (Sect 7.3.4); pf_min = Is × pg = 20.00 lb/ft2

Flat roof snow load (Sect 7.3); pf = 0.7 × Ce × Ct × Is × pg = 14.00 lb/ft2

Left parapet

Balanced snow load height; hb = pf / γ = 0.84 ft

Height of left parapet; hpptL = 6.00 ft

Height from balance load to top of left parapet; hc_pptL = hpptL - hb = 5.16 ft

Length of roof - left parapet; lu_pptL = b = 24.58 ft

Drift height windward drift - left parpet; hd_l_pptL = √(Is) × 0.75 × (0.43 × (max(20 ft, lu_pptL) × 1ft2)1/3 × (pg / 1lb/ft2 + 

10)1/4 - 1.5ft) = 1.07 ft

Drift height - left parapet; hd_pptL = min(hd_l_pptL, hpptL - hb) = 1.07 ft

Drift width; Wd_pptL = min(4 × hd_l_pptL, 8 × (hpptL - hb), b) = 4.28 ft

Drift surcharge load - left parapet; pd_pptL = hd_pptL × γ = 17.75 lb/ft2

Right parapet

Height of right parapet; hpptR = 6.00 ft

Height from balance load to top of right parapet; hc_pptR = hpptR - hb = 5.16 ft

Length of roof - right parapet; lu_pptR = b = 24.58 ft

Drift height windward drift - right parpet; hd_l_pptR = √(Is) × 0.75 × (0.43 × (max(20 ft, lu_pptR) × 1ft2)1/3 × (pg / 1lb/ft2 + 

10)1/4 - 1.5ft) = 1.07 ft

Drift height - right parapet; hd_pptR = min(hd_l_pptR, hpptR - hb) = 1.07 ft

Drift width; Wd_pptR = min(4 × hd_l_pptR, 8 × (hpptR - hb), b) = 4.28 ft

Drift surcharge load - right parapet; pd_pptR = hd_pptR × γ = 17.75 lb/ft2
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6'6'

24' 7"

Roof elevation

Balanced load 20.0 psf

31.8 psf

14.0 psf

4' 3.3"

Parapet

4' 3.3"

Parapet

31.8 psf

14.0 psf

 

Drift calculations

Balanced snow load height; hb = pf / γ = 0.84 ft

Length of upper roof; lu = 33.00 ft

Length of lower roof; ll = 4.00 ft

Height diff between uppper and lower roofs; hdiff = 12.00 ft

Height from balance load to top of upper roof; hc = hdiff - hb = 11.16 ft

Drift height leeward drift; hd_l = min(√(Is) × (0.43 × (max(20 ft, lu) × 1ft2)1/3 × (pg / 1lb/ft2 + 10)1/4 - 

1.5ft),0.6 × ll) = 1.73 ft

Drift height windward drift; hd_w = min(0.75 × √(Is) × (0.43 × (max(20 ft, ll) × 1ft2)1/3 × (pg / 1lb/ft2 + 10)1/4 

- 1.5ft), √(Is × pg × ll / (4 × γ))) = 0.92 ft

Maximum lw/ww drift height; hd_max = max(hd_w, hd_l) = 1.73 ft

Drift height; hd = min(hd_max, hc) = 1.73 ft

Drift width; Wd = min(4 × hd_max, 8 × hc) = 6.91 ft

Drift surcharge load; pd = hd × γ = 28.68 lb/ft2
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4'
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14.0 psf

Elevation on snow drift  
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SNOW LOADING

In accordance with ASCE7-16

Tedds calculation version 1.0.10

Building details

Roof type; Flat

Width of roof; b = 10.00 ft

Ground snow load

Ground snow load (Figure 7.2-1); pg = 20.00 lb/ft2

Density of snow; γ = min(0.13 × pg / 1ft + 14lb/ft3, 30lb/ft3) = 16.60 lb/ft3

Terrain typeSect. 26.7; C

Exposure condition (Table 7.3-1); Partially exposed

Exposure factor (Table 7.3-1); Ce = 1.00 

Thermal condition (Table 7.3-2); All

Thermal factor (Table 7.3-2); Ct = 1.00 

Importance category (Table 1.5-1); II

Importance factor (Table 1.5-2); Is = 1.00 

Min snow load for low slope roofs (Sect 7.3.4); pf_min = Is × pg = 20.00 lb/ft2

Flat roof snow load (Sect 7.3); pf = 0.7 × Ce × Ct × Is × pg = 14.00 lb/ft2

Left parapet

Balanced snow load height; hb = pf / γ = 0.84 ft

Height of left parapet; hpptL = 2.00 ft

Height from balance load to top of left parapet; hc_pptL = hpptL - hb = 1.16 ft

Length of roof - left parapet; lu_pptL = b = 10.00 ft

Drift height windward drift - left parpet; hd_l_pptL = min(√(Is) × 0.75 × (0.43 × (max(20 ft, lu_pptL) × 1ft2)1/3 × (pg / 1lb/ft2 

+ 10)1/4 - 1.5ft), √(Is × pg × lu_pptL / (4 × γ))) = 0.92 ft

Drift height - left parapet; hd_pptL = min(hd_l_pptL, hpptL - hb) = 0.92 ft

Drift width; Wd_pptL = min(4 × hd_l_pptL, 8 × (hpptL - hb), b) = 3.69 ft

Drift surcharge load - left parapet; pd_pptL = hd_pptL × γ = 15.33 lb/ft2

Right parapet

Height of right parapet; hpptR = 2.00 ft

Height from balance load to top of right parapet; hc_pptR = hpptR - hb = 1.16 ft

Length of roof - right parapet; lu_pptR = b = 10.00 ft

Drift height windward drift - right parpet; hd_l_pptR = min(√(Is) × 0.75 × (0.43 × (max(20 ft, lu_pptR) × 1ft2)1/3 × (pg / 1lb/ft2 

+ 10)1/4 - 1.5ft), √(Is × pg × lu_pptR / (4 × γ))) = 0.92 ft

Drift height - right parapet; hd_pptR = min(hd_l_pptR, hpptR - hb) = 0.92 ft

Drift width; Wd_pptR = min(4 × hd_l_pptR, 8 × (hpptR - hb), b) = 3.69 ft

Drift surcharge load - right parapet; pd_pptR = hd_pptR × γ = 15.33 lb/ft2

Page 17 of 112



Kreher Engineering Inc.

208 N Main St., Suite H, Columbia, IL 62236

Project

Dutch Bros

Job Ref.

K21-002

Section Sheet no./rev.

 2

Calc. by

NJD

Date

9/20/2021

Chk'd by Date App'd by Date

2'2'

10'

Roof elevation

Balanced load 20.0 psf

29.3 psf
14.0 psf

3' 8.3"

Parapet

3' 8.3"

Parapet

29.3 psf
14.0 psf

 

Drift calculations

Balanced snow load height; hb = pf / γ = 0.84 ft

Length of upper roof; lu = 33.00 ft

Length of lower roof; ll = 4.00 ft

Height diff between uppper and lower roofs; hdiff = 12.00 ft

Height from balance load to top of upper roof; hc = hdiff - hb = 11.16 ft

Drift height leeward drift; hd_l = min(√(Is) × (0.43 × (max(20 ft, lu) × 1ft2)1/3 × (pg / 1lb/ft2 + 10)1/4 - 

1.5ft),0.6 × ll) = 1.73 ft

Drift height windward drift; hd_w = min(0.75 × √(Is) × (0.43 × (max(20 ft, ll) × 1ft2)1/3 × (pg / 1lb/ft2 + 10)1/4 

- 1.5ft), √(Is × pg × ll / (4 × γ))) = 0.92 ft

Maximum lw/ww drift height; hd_max = max(hd_w, hd_l) = 1.73 ft

Drift height; hd = min(hd_max, hc) = 1.73 ft

Drift width; Wd = min(4 × hd_max, 8 × hc) = 6.91 ft

Drift surcharge load; pd = hd × γ = 28.68 lb/ft2
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4'

42.7 psf

14.0 psf

Elevation on snow drift  
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WIND LOADING

In accordance with ASCE7-16

Using the directional design method

Tedds calculation version 2.1.09

49.1 ft

2
4
.6

 f
t

Plan

24.6 ft

1
5

.5
 f
t

Elevation  

Building data

Type of roof; Flat

Length of building; b = 49.08 ft

Width of building; d = 24.58 ft

Height to eaves; H = 15.50 ft

Height of parapet; hp = 6.00 ft

Mean height; h = 15.50 ft

General wind load requirements

Basic wind speed; V = 111.0 mph

Risk category; II

Velocity pressure exponent coef (Table 26.6-1); Kd = 0.85

Ground elevation above sea level; zgl = 0 ft

Ground elevation factor; Ke = exp(-0.0000362 × zgl/1ft) = 1.00

Exposure category (cl 26.7.3); C

Enclosure classification (cl.26.12); Enclosed buildings

Internal pressure coef +ve (Table 26.13-1); GCpi_p = 0.18

Internal pressure coef –ve (Table 26.13-1); GCpi_n = -0.18

Gust effect factor; Gf = 0.85

Minimum design wind loading (cl.27.4.7); pmin_r = 8 lb/ft2

Topography

Topography factor not significant; Kzt = 1.0

Velocity pressure equation; q = 0.00256 × Kz × Kzt × Kd × V2 × 1psf/mph2;

Velocity pressures table

z (ft) Kz (Table 26.10-1) qz (psf)

15.00 0.85 22.79

15.50 0.86 22.92

21.50 0.91 24.45
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Peak velocity pressure for internal pressure

Peak velocity pressure – internal (as roof press.); qi = 22.92 psf

Parapet pressures and forces

Velocity pressure at top of parapet; qp = 24.45 psf

Combined net pressure coefficient, leeward; GCpnl = -1.0

Combined net parapet pressure, leeward; ppl = qp × GCpnl = -24.45 psf

Combined net pressure coefficient, windward; GCpnw = 1.5

Combined net parapet pressure, windward; ppw = qp × GCpnw = 36.68 psf

Wind direction 0 deg:

Leeward parapet force; Fw,wpl_0 = ppl × hp × b = -7.2 kips

Windward parapet force; Fw,wpw_0 = ppw × hp × b = 10.8 kips

Wind direction 90 deg:

Leeward parapet force; Fw,wpl_90 = ppl × hp × d = -3.6 kips

Windward parapet force; Fw,wpw_90 = ppw × hp × d = 5.4 kips

Pressures and forces

Net pressure; p = q × Gf × Cpe - qi × GCpi;

Net force; Fw = p × Aref;

Roof load case 1 - Wind 0, GCpi 0.18, -cpe

Zone
Ref. 

height
(ft)

Ext pressure 
coefficient cpe

Peak velocity 
pressure qp

(psf)

Net pressure
p

(psf)

Area
Aref

(ft2)

Net force
Fw

(kips)

A (-ve) 15.50 -0.96 22.92 -22.92 380.39 -8.72

B (-ve) 15.50 -0.85 22.92 -20.64 380.39 -7.85

C (-ve) 15.50 -0.55 22.92 -14.89 445.82 -6.64

Total vertical net force; Fw,v = -23.21 kips

Total horizontal net force; Fw,h = 0.00 kips

Walls load case 1 - Wind 0, GCpi 0.18, -cpe

Zone
Ref. 

height
(ft)

Ext pressure 
coefficient cpe

Peak velocity 
pressure qp

(psf)

Net pressure
p

(psf)

Area
Aref

(ft2)

Net force
Fw

(kips)

A1 15.00 0.80 22.79 11.37 736.25 8.37

A2 15.50 0.80 22.92 11.46 24.54 0.28

B 15.50 -0.50 22.92 -13.87 760.79 -10.55

C 15.50 -0.70 22.92 -17.77 381.04 -6.77

D 15.50 -0.70 22.92 -17.77 381.04 -6.77

Overall loading

Projected vertical plan area of wall; Avert_w_0 = b × (H+ hp) = 1055.28 ft2

Projected vertical area of roof; Avert_r_0 = 0.00 ft2

Minimum overall horizontal loading; Fw,total_min = pmin_w × Avert_w_0 + pmin_r × Avert_r_0 = 16.88 kips

Leeward net force; Fl = Fw,wB + Fw,wpl_0 = -17.8 kips

Windward net force; Fw = Fw,wA_1 + Fw,wA_2 + Fw,wpw_0 = 19.5 kips

Overall horizontal loading; Fw,total = max(Fw - Fl + Fw,h, Fw,total_min) = 37.2 kips
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Roof load case 2 - Wind 0, GCpi -0.18, -0cpe

Zone
Ref. 

height
(ft)

Ext pressure 
coefficient cpe

Peak velocity 
pressure qp

(psf)

Net pressure
p

(psf)

Area
Aref

(ft2)

Net force
Fw

(kips)

A (+ve) 15.50 -0.18 22.92 0.62 380.39 0.24

B (+ve) 15.50 -0.18 22.92 0.62 380.39 0.24

C (+ve) 15.50 -0.18 22.92 0.62 445.82 0.28

Total vertical net force; Fw,v = 0.75 kips

Total horizontal net force; Fw,h = 0.00 kips

Walls load case 2 - Wind 0, GCpi -0.18, -0cpe

Zone
Ref. 

height
(ft)

Ext pressure 
coefficient cpe

Peak velocity 
pressure qp

(psf)

Net pressure
p

(psf)

Area
Aref

(ft2)

Net force
Fw

(kips)

A1 15.00 0.80 22.79 19.62 736.25 14.45

A2 15.50 0.80 22.92 19.71 24.54 0.48

B 15.50 -0.50 22.92 -5.62 760.79 -4.27

C 15.50 -0.70 22.92 -9.51 381.04 -3.62

D 15.50 -0.70 22.92 -9.51 381.04 -3.62

Overall loading

Projected vertical plan area of wall; Avert_w_0 = b × (H+ hp) = 1055.28 ft2

Projected vertical area of roof; Avert_r_0 = 0.00 ft2

Minimum overall horizontal loading; Fw,total_min = pmin_w × Avert_w_0 + pmin_r × Avert_r_0 = 16.88 kips

Leeward net force; Fl = Fw,wB + Fw,wpl_0 = -11.5 kips

Windward net force; Fw = Fw,wA_1 + Fw,wA_2 + Fw,wpw_0 = 25.7 kips

Overall horizontal loading; Fw,total = max(Fw - Fl + Fw,h, Fw,total_min) = 37.2 kips

Roof load case 3 - Wind 90, GCpi 0.18, -cpe

Zone
Ref. 

height
(ft)

Ext pressure 
coefficient cpe

Peak velocity 
pressure qp

(psf)

Net pressure
p

(psf)

Area
Aref

(ft2)

Net force
Fw

(kips)

A (-ve) 15.50 -0.90 22.92 -21.66 190.52 -4.13

B (-ve) 15.50 -0.90 22.92 -21.66 190.52 -4.13

C (-ve) 15.50 -0.50 22.92 -13.87 381.04 -5.28

D (-ve) 15.50 -0.30 22.92 -9.97 444.53 -4.43

Total vertical net force; Fw,v = -17.97 kips

Total horizontal net force; Fw,h = 0.00 kips

Walls load case 3 - Wind 90, GCpi 0.18, -cpe

Zone
Ref. 

height
(ft)

Ext pressure 
coefficient cpe

Peak velocity 
pressure qp

(psf)

Net pressure
p

(psf)

Area
Aref

(ft2)

Net force
Fw

(kips)

A1 15.00 0.80 22.79 11.37 368.74 4.19

A2 15.50 0.80 22.92 11.46 12.29 0.14
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Zone
Ref. 

height
(ft)

Ext pressure 
coefficient cpe

Peak velocity 
pressure qp

(psf)

Net pressure
p

(psf)

Area
Aref

(ft2)

Net force
Fw

(kips)

B 15.50 -0.30 22.92 -9.98 381.04 -3.80

C 15.50 -0.70 22.92 -17.77 760.79 -13.52

D 15.50 -0.70 22.92 -17.77 760.79 -13.52

Overall loading

Projected vertical plan area of wall; Avert_w_90 = d × (H+ hp) = 528.53 ft2

Projected vertical area of roof; Avert_r_90 = 0.00 ft2

Minimum overall horizontal loading; Fw,total_min = pmin_w × Avert_w_90 + pmin_r × Avert_r_90 = 8.46 kips

Leeward net force; Fl = Fw,wB + Fw,wpl_90 = -7.4 kips

Windward net force; Fw = Fw,wA_1 + Fw,wA_2 + Fw,wpw_90 = 9.7 kips

Overall horizontal loading; Fw,total = max(Fw - Fl + Fw,h, Fw,total_min) = 17.2 kips

Roof load case 4 - Wind 90, GCpi -0.18, +cpe

Zone
Ref. 

height
(ft)

Ext pressure 
coefficient cpe

Peak velocity 
pressure qp

(psf)

Net pressure
p

(psf)

Area
Aref

(ft2)

Net force
Fw

(kips)

A (+ve) 15.50 -0.18 22.92 0.62 190.52 0.12

B (+ve) 15.50 -0.18 22.92 0.62 190.52 0.12

C (+ve) 15.50 -0.18 22.92 0.62 381.04 0.24

D (+ve) 15.50 -0.18 22.92 0.62 444.53 0.28

Total vertical net force; Fw,v = 0.75 kips

Total horizontal net force; Fw,h = 0.00 kips

Walls load case 4 - Wind 90, GCpi -0.18, +cpe

Zone
Ref. 

height
(ft)

Ext pressure 
coefficient cpe

Peak velocity 
pressure qp

(psf)

Net pressure
p

(psf)

Area
Aref

(ft2)

Net force
Fw

(kips)

A1 15.00 0.80 22.79 19.62 368.74 7.24

A2 15.50 0.80 22.92 19.71 12.29 0.24

B 15.50 -0.30 22.92 -1.73 381.04 -0.66

C 15.50 -0.70 22.92 -9.51 760.79 -7.24

D 15.50 -0.70 22.92 -9.51 760.79 -7.24

Overall loading

Projected vertical plan area of wall; Avert_w_90 = d × (H+ hp) = 528.53 ft2

Projected vertical area of roof; Avert_r_90 = 0.00 ft2

Minimum overall horizontal loading; Fw,total_min = pmin_w × Avert_w_90 + pmin_r × Avert_r_90 = 8.46 kips

Leeward net force; Fl = Fw,wB + Fw,wpl_90 = -4.3 kips

Windward net force; Fw = Fw,wA_1 + Fw,wA_2 + Fw,wpw_90 = 12.9 kips

Overall horizontal loading; Fw,total = max(Fw - Fl + Fw,h, Fw,total_min) = 17.2 kips
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WIND LOADING

In accordance with ASCE7-16

Using the components and cladding design method

Tedds calculation version 2.1.09

49.1 ft

2
4
.6

 f
t

Plan

24.6 ft

1
5

.5
 f
t

Elevation  

Building data

Type of roof; Flat

Length of building; b = 49.08 ft

Width of building; d = 24.58 ft

Height to eaves; H = 15.50 ft

Height of parapet; hp = 6.00 ft

Mean height; h = 15.50 ft

General wind load requirements

Basic wind speed; V = 111.0 mph

Risk category; II

Velocity pressure exponent coef (Table 26.6-1); Kd = 0.85

Ground elevation above sea level; zgl = 0 ft

Ground elevation factor; Ke = exp(-0.0000362 × zgl/1ft) = 1.00

Exposure category (cl 26.7.3); C

Enclosure classification (cl.26.12); Enclosed buildings

Internal pressure coef +ve (Table 26.13-1); GCpi_p = 0.18

Internal pressure coef –ve (Table 26.13-1); GCpi_n = -0.18

Parapet internal pressure coef +ve (Table 26.11-1); GCpi_pp = 0.18

Parapet internal pressure coef –ve (Table 26.11-1); GCpi_np = -0.18

Gust effect factor; Gf = 0.85

Topography

Topography factor not significant; Kzt = 1.0

Velocity pressure

Velocity pressure coefficient (Table 26.10-1); Kz = 0.86

Velocity pressure; qh = 0.00256 × Kz × Kzt × Kd × Ke × V2 × 1psf/mph2 = 22.9 psf

Velocity pressure at parapet

Velocity pressure coefficient (Table 26.10-1); Kz = 0.91

Velocity pressure; qp = 0.00256 × Kz × Kzt × Kd × Ke × V2 × 1psf/mph2 = 24.5 psf
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Peak velocity pressure for internal pressure

Peak velocity pressure – internal (as roof press.); qi = 22.92 psf

Equations used in tables

Net pressure; p = qh × [GCp - GCpi];

Parapet net pressure; p = qp x [GCp - GCpi_p];

Components and cladding pressures - Wall (Table 30.3-1 and  (Figure 30.3-2A))

Component Zone Length
(ft)

Width
(ft)

Eff. area
(ft2)

+GCp -GCp Pres (+ve)
(psf)

Pres (-ve)
(psf)

<=10 sf 4 - - 10.0 0.90 -0.99 24.8 -26.8

50 sf 4 - - 50.0 0.79 -0.88 22.2 -24.3

200 sf 4 - - 200.0 0.69 -0.78 20.0 -22.1

<=10 sf 5 - - 10.0 0.90 -1.26 24.8 -33.0

50 sf 5 - - 50.0 0.79 -1.04 22.2 -27.9

200 sf 5 - - 200.0 0.69 -0.85 20.0 -23.5

10 sf (W) 4p - - 10.0 0.90 -2.30 26.4 -60.6

50 sf (W) 4p - - 50.0 0.79 -1.93 23.7 -51.6

200 sf (W) 4p - - 200.0 0.69 -1.61 21.4 -43.8

10 sf (W) 5p - - 10.0 0.90 -2.30 26.4 -60.6

50 sf (W) 5p - - 50.0 0.79 -1.93 23.7 -51.6

200 sf (W) 5p - - 200.0 0.69 -1.61 21.4 -43.8

10 sf (L) 4p - - 10.0 0.90 -0.99 26.4 -28.6

50 sf (L) 4p - - 50.0 0.79 -0.88 23.7 -25.9

200 sf (L) 4p - - 200.0 0.69 -0.78 21.4 -23.6

10 sf (L) 5p - - 10.0 0.90 -1.26 26.4 -35.2

50 sf (L) 5p - - 50.0 0.79 -1.04 23.7 -29.8

200 sf (L) 5p - - 200.0 0.69 -0.85 21.4 -25.1
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Components and cladding pressures - Roof (Figure 30.3-2A)

Component Zone Length
(ft)

Width
(ft)

Eff. area
(ft2)

+GCp -GCp Pres (+ve)
(psf)

Pres (-ve)
(psf)

<=10 sf 1 - - 10.0 0.30 -1.70 11.0 # -43.1

50 sf 1 - - 50.0 0.23 -1.41 9.4 # -36.5

100 sf 1 - - 100.0 0.20 -1.29 8.7 # -33.7

<=10 sf 2 - - 10.0 0.90 -2.30 24.8 -56.8

50 sf 2 - - 50.0 0.79 -1.93 22.2 -48.4

100 sf 2 - - 100.0 0.74 -1.77 21.1 -44.7

<=10 sf 3 - - 10.0 0.90 -2.30 24.8 -56.8

50 sf 3 - - 50.0 0.79 -1.93 22.2 -48.4

100 sf 3 - - 100.0 0.74 -1.77 21.1 -44.7

# The final net design wind pressure, including all permitted reductions, used in the design shall not be less than 16psf acting 

in either direction
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WIND LOADING

In accordance with ASCE7-16

Using the directional design method

Tedds calculation version 2.1.09

3 ft

4
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t

5
.5
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t

F
return

F
2 ft

2 ft

0.83 ft

 

Wall/sign data

Length of wall/sign; B = 3.00 ft

Height of wall/sign; s = 4.00 ft

Height to top of sign; h = 5.50 ft

General wind load requirements

Basic wind speed; V = 111.0 mph

Risk category; II

Velocity pressure exponent coef (Table 26.6-1); Kd = 0.85

Ground elevation above sea level; zgl = 0 m

Ground elevation factor; Ke = exp(-0.0000362 × zgl/1ft)= 1.00

Exposure category (cl 26.7.3); C

Gust effect factor; Gf = 0.85

Minimum design wind loading (cl.27.4.7); pmin_r = 8 lb/ft2

Topography

Topography factor not significant; Kzt = 1.0

Velocity pressure

Velocity pressure coefficient (Table 26.10-1); Kz = 0.85

Velocity pressure; qh = 0.00256 × Kz × Kzt × Kd × Ke × V2 × 1psf/mph2 = 22.8 psf

Area of sign; Af = B × s = 12 ft2

Ratio of solid area to gross area; ε = 1.00

Wall/sign forces – Case A and B

Force coefficient (Figure 29.3-1); Cf_A = 1.66

Resultant force; FA = max(16psf, qh × Gf × Cf_A) × Af = 0.4 kips
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WIND LOADING

In accordance with ASCE7-16

Using the directional design method

Tedds calculation version 2.1.09

16 ft 1
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F0.5 ft0.5 ft
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Wall/sign data

Length of wall/sign; B = 16.00 ft

Height of wall/sign; s = 1.00 ft

Height to top of sign; h = 11.00 ft

General wind load requirements

Basic wind speed; V = 111.0 mph

Risk category; II

Velocity pressure exponent coef (Table 26.6-1); Kd = 0.85

Ground elevation above sea level; zgl = 0 m

Ground elevation factor; Ke = exp(-0.0000362 × zgl/1ft)= 1.00

Exposure category (cl 26.7.3); C

Gust effect factor; Gf = 0.85

Minimum design wind loading (cl.27.4.7); pmin_r = 8 lb/ft2

Topography

Topography factor not significant; Kzt = 1.0

Velocity pressure

Velocity pressure coefficient (Table 26.10-1); Kz = 0.85

Velocity pressure; qh = 0.00256 × Kz × Kzt × Kd × Ke × V2 × 1psf/mph2 = 22.8 psf

Area of sign; Af = B × s = 16 ft2

Ratio of solid area to gross area; ε = 1.00

Wall/sign forces – Case A and B

Force coefficient (Figure 29.3-1); Cf_A = 1.88

Resultant force; FA = max(16psf, qh × Gf × Cf_A) × Af = 0.6 kips

Wall sign forces - Case C

Number of whole regions - main wall; Ns = Int(B/s) = 16

Length of balance - main wall; Lbalance = B - 10 × s = 6.0 ft

Region 1 - 0.0 ft to 1.0 ft

Force coefficient (Figure 29.3-1); Cf_C_0 to s = 3.45

Effective area; Af_C_1 = s × s = 1.0 ft2

Resultant force; FA_c_1 = max(16psf, qh × Gf × Cf_C_0 to s) × Af_C_1 = 0.1 kips
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Region 2 - 1.0 ft to 2.0 ft

Force coefficient (Figure 29.3-1); Cf_C_s to 2s = 2.60

Effective area; Af_C_2 = s × s = 1.0 ft2

Resultant force; FA_c_2 = max(16psf, qh × Gf × Cf_C_s to 2s) × Af_C_2 = 0.1 kips

Region 3 - 2.0 ft to 3.0 ft

Force coefficient (Figure 29.3-1); Cf_C_2s to 3s = 2.00

Effective area; Af_C_3 = s × s = 1.0 ft2

Resultant force; FA_c_3 = max(16psf, qh × Gf × Cf_C_2s to 3s) × Af_C_3 = 0.0 kips

Region 4 - 3.0 ft to 4.0 ft

Force coefficient (Figure 29.3-1); Cf_C_3s to 4s = 1.53

Effective area; Af_C_4 = s × s = 1.0 ft2

Resultant force; FA_c_4 = max(16psf, qh × Gf × Cf_C_3s to 4s) × Af_C_4 = 0.0 kips

Region 5 - 4.0 ft to 5.0 ft

Force coefficient (Figure 29.3-1); Cf_C_4s to 5s = 1.40

Effective area; Af_C_5 = s × s = 1.0 ft2

Resultant force; FA_c_5 = max(16psf, qh × Gf × Cf_C_4s to 5s) × Af_C_5 = 0.0 kips

Region 6 - 5.0 ft to 10.0 ft

Force coefficient (Figure 29.3-1); Cf_C_5s to 10s = 0.92

Effective area; Af_C_6 = 5 × s × s = 5.0 ft2

Resultant force; FA_c_6 = max(16psf, qh × Gf × Cf_C_5s to 10s) × Af_C_6 = 0.1 kips

Region 7 - 10.0 ft to 16.0 ft

Force coefficient (Figure 29.3-1); Cf_C_10s = 0.55

Effective area; Af_C_7 = Lbalance × s = 6.0 ft2

Resultant force; FA_c_7 = max(16psf, qh × Gf × Cf_C_10s) × Af_C_7 = 0.1 kips

Wall sign forces - Case C return

Number of whole regions - return; Ns,r = Int(Lr/s) = 0

Length of balance - return; Lbalance,r = Lr - Ns,r × s = 0.5 ft

Region 1 return - 0.0 ft to 0.5 ft

Force coefficient (Figure 29.3-1); Cf_C_0 to s = 3.45

Effective area; Af_C_1,r = Lbalance,r × s = 0.5 ft2

Resultant force; FA_c_1,r = max(16psf, qh × Gf × Cf_C_0 to s) × Af_C_1,r = 0.0 kips
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WIND LOADING

In accordance with ASCE7-16

Using the directional design method

Tedds calculation version 2.1.09
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Wall/sign data

Length of wall/sign; B = 13.00 ft

Height of wall/sign; s = 12.00 ft

Height to top of sign; h = 12.00 ft

General wind load requirements

Basic wind speed; V = 111.0 mph

Risk category; II

Velocity pressure exponent coef (Table 26.6-1); Kd = 0.85

Ground elevation above sea level; zgl = 0 m

Ground elevation factor; Ke = exp(-0.0000362 × zgl/1ft)= 1.00

Exposure category (cl 26.7.3); C

Gust effect factor; Gf = 0.85

Minimum design wind loading (cl.27.4.7); pmin_r = 8 lb/ft2

Topography

Topography factor not significant; Kzt = 1.0

Velocity pressure

Velocity pressure coefficient (Table 26.10-1); Kz = 0.85

Velocity pressure; qh = 0.00256 × Kz × Kzt × Kd × Ke × V2 × 1psf/mph2 = 22.8 psf

Area of sign; Af = B × s = 156 ft2

Ratio of solid area to gross area; ε = 1.00

Wall/sign forces – Case A and B

Force coefficient (Figure 29.3-1); Cf_A = 1.45

Resultant force; FA = max(16psf, qh × Gf × Cf_A) × Af = 4.4 kips
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WIND LOADING

In accordance with ASCE7-16

Using the directional design method

Tedds calculation version 2.1.09
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Wall/sign data

Length of wall/sign; B = 1.50 ft

Height of wall/sign; s = 25.00 ft

Height to top of sign; h = 25.00 ft

General wind load requirements

Basic wind speed; V = 111.0 mph

Risk category; II

Velocity pressure exponent coef (Table 26.6-1); Kd = 0.85

Ground elevation above sea level; zgl = 0 m

Ground elevation factor; Ke = exp(-0.0000362 × zgl/1ft)= 1.00

Exposure category (cl 26.7.3); C

Gust effect factor; Gf = 0.85

Minimum design wind loading (cl.27.4.7); pmin_r = 8 lb/ft2

Topography

Topography factor not significant; Kzt = 1.0

Velocity pressure

Velocity pressure coefficient (Table 26.10-1); Kz = 0.94

Velocity pressure; qh = 0.00256 × Kz × Kzt × Kd × Ke × V2 × 1psf/mph2 = 25.2 psf

Area of sign; Af = B × s = 37.5 ft2

Ratio of solid area to gross area; ε = 1.00

Wall/sign forces – Case A and B

Force coefficient (Figure 29.3-1); Cf_A = 1.78

Resultant force; FA = max(16psf, qh × Gf × Cf_A) × Af = 1.4 kips
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Wind Generation Input

Wind Code: Topographic Factor K1:

Wind Speed, V(mph): Topographic Factor K2:

Topographic Factor K3:

Exposure Category: Directionality Factor Kd:

ASCE 7-16 0

111 0

0

C 0.85

Base Elevation(ft): Parapet Height(ft):0 0

Wind Generation Detail Results

Kzt:

Exposure Constant Alpha: h (ft):

Exposure Constant zg: Kh:

Gust Effect Factor, G: Windward Cp:

qh (ksf):

GCpn (windward):

GCpn (leeward):

1

9.5 13

900 0.849

0.85 0.8

0.019

+1.5

-1.0

Wind Generation Floor Geometry Results

Floor Level Height Kz Width (X) Length (Z) Leeward Cp(X) Leeward Cp(Z)

(ft) (ft) (ft)

Roof 13 0.849 36.542 48.125 0.5 0.437

Wind Generation Floor Force Results

Floor Level qz Windward Pres. Leeward Pres. X Leeward Pres. Z Force X Force Z

(ksf) (ksf) (ksf) (ksf) (k) (k)

Roof 0.019 0.013 0.008 0.007 6.687 4.83

Add'l Parapet 12.1 13.279

Total 18.787 18.109

Parapet Summary (heights are base parapet height unless noted below)

1

2

3

4
5

67

8

9
10

11
12

13
14

15

16

1718

19

Parapet Height Above X Length Z Length qp (ksf) Force X (k) Force Z (k)

1 6 12.5 0 0.02 0 2.287

2 6 0 1.271 0.02 0.233 0
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3 6 15.5 0 0.02 0 2.836

4 8 0 0.5 0.021 0.125 0

5 8 8.542 0 0.021 0 2.129

6 8 0 9.042 0.021 2.253 0

7 8 5.5 0 0.021 0 1.371

8 6 0 28.625 0.02 5.238 0

9 6 0.5 0 0.02 0 0.091

10 6 0 6.375 0.02 1.167 0

11 2 0 4.083 0.019 0.237 0

12 2 11.125 0 0.019 0 0.646

13 2 0 4.083 0.019 0.237 0

14 6 0.167 0 0.02 0 0.031

15 6 8.25 0 0.02 0 1.51

16 6 0 11.542 0.02 2.112 0

17 6 0.5 0 0.02 0 0.091

18 6 0 2.729 0.02 0.499 0

19 6 12.5 0 0.02 0 2.287

Note: GCpn = 1.5 for these portions of the parapet in both horizontal directions.
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Seismic Generation Input

Seismic Code:

Ct_X: T_X (sec): R_X:

Ct_Z: T_Z (sec): R_Z:

ASCE 7-16

0.02 0.155 6.5

0.02 0.155 6.5

Ct Exp. X: Ct Exp. Z:

Risk Cat TL (sec):

SD1 (g): SDS (g): S1 (g):

0.75 0.75

I or II 12

0.068 0.086 0.068

Base Elev (ft): 0 Parapet Ht (ft): 0

Seismic Generation Detail Results

T_X Used (sec): T_X  Method A: T_X  Upper Limit:

T_Z Used (sec): T_Z  Method A: T_Z  Upper Limit:

Importance Fac.: Design Cat.:

V_X (k): Gov. Eqn. Cs_X:

V_Z (k): Gov. Eqn. Cs_Z:

0.155 0.137 0.233

0.155 0.137 0.233

1 B

0.487 ASCE Eqn 12.8-2 0.013

0.487 ASCE Eqn 12.8-2 0.013

Seismic Generation Force Results

Floor Level Height Weight Force X Force Z CG X CG Z

(ft) (k) (k) (k) (ft) (ft)

Roof 13 32.651 0.487 0.487 6.739 20.562

Base 4.146

Totals 36.797 0.487 0.487

Seismic Generation Diaphragm Results

Floor Level Width (X) Length (Z) X Plus X Minus Z Plus Z Minus

(ft) (ft) (ft) (ft) (ft) (ft)

Roof 36.542 48.125 1.827 1.827 2.406 2.406
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KREHER                                             ENGINEERING, INC.  
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Company : Kreher Engineering Sept 21, 2021
9:05 AMDesigner : NJD

Job Number : K21-002 Checked By:_____
Model Name : K21-002 WP5 (In-Plane)

GENERAL

Code : AWC NDS-18:ASD

Design Method : Segmented

Wall Material : SP

Function : Gravity

GEOMETRY

Total Height : 21 ft

Total Length : 9.042 ft

Parapet Height : 8 ft

Wall H/W Ratio : 2.32

K : 1.00

MATERIALS

Description Material Size

Top Pl SP 2-2X6

Sill SP 2X6

Wall Stud SP 2X6

Chord SP 2-2X6

R2

R3R6

R5

R7

R10

R9

H1

DESIGN DETAILS

REGION INFORMATION

Full-Height

Region Label

Stud

Required Cap

Stud

Provided Cap Stud UC Stud LC

R2 1.394 4.222 0.33 3

R3 0.057 7.811 0.007 1

R6 0.032 7.811 0.004 1

R10 0.054 7.811 0.007 1

R9 1.1 4.222 0.261 3

OPENING INFORMATION

Header Label Header Size Shear UC Bending UC Governing LC

H1 2-2X10 0.373 0.454 3
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Company : Kreher Engineering Sept 21, 2021
9:05 AMDesigner : NJD

Job Number : K21-002 Checked By:_____
Model Name : K21-002 WP6 (In-Plane)

GENERAL

Code : AWC NDS-18:ASD

Design Method : Segmented

Wall Material : SP

Function : Gravity

GEOMETRY

Total Height : 21 ft

Total Length : 5.5 ft

Parapet Height : 8 ft

Wall H/W Ratio : 3.82

K : 1.00

MATERIALS

Description Material Size

Top Pl SP 2-2X6

Sill SP 2X6

Wall Stud SP 2X6

Chord SP 2-2X6

R2

R3R6

R5

R9

R8
H1

DESIGN DETAILS

REGION INFORMATION

Full-Height

Region Label

Stud

Required Cap

Stud

Provided Cap Stud UC Stud LC

R2 0.351 4.222 0.083 3

R3 0.046 7.811 0.006 1

R6 0.029 7.811 0.004 1

R9 0.046 7.811 0.006 1

R8 0.351 4.222 0.083 3

OPENING INFORMATION

Header Label Header Size Shear UC Bending UC Governing LC

H1 2-2X10 0.104 0.108 3
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Company : Kreher Engineering Sept 21, 2021
9:06 AMDesigner : NJD

Job Number : K21-002 Checked By:_____
Model Name : K21-002 WP8 (In-Plane)

GENERAL

Code : AWC NDS-18:ASD

Design Method : Segmented

Wall Material : SP

Function : Gravity

GEOMETRY

Total Height : 19 ft

Total Length : 20.213 ft

Parapet Height : 6 ft

Wall H/W Ratio : 0.94

K : 1.00

MATERIALS

Description Material Size

Top Pl SP 2-2X6

Sill SP 2X6

Wall Stud SP 2X6

Chord SP 2-2X6

R2

R3R6

R5

R7

R10

R9

R13

R12

R14

R17

R16

H1 H2

DESIGN DETAILS

REGION INFORMATION

Full-Height

Region Label

Stud

Required Cap

Stud

Provided Cap Stud UC Stud LC

R2 2.322 4.222 0.55 3

R3 0.067 9.178 0.007 1

R6 0.023 9.178 0.003 1

R10 0.088 9.178 0.01 1

R9 3.425 4.222 0.811 3

R13 0.021 9.178 0.002 1

R17 0.036 9.178 0.004 1

R16 1.328 4.222 0.314 3

OPENING INFORMATION

Header Label Header Size Shear UC Bending UC Governing LC

H1 2-1.75X11.875... 0.149 0.078 3

H2 2-1.75X11.875... 0.342 0.337 3
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Company : Kreher Engineering Sept 21, 2021
9:06 AMDesigner : NJD

Job Number : K21-002 Checked By:_____
Model Name : K21-002 WP9 (In-Plane)

GENERAL

Code : AWC NDS-18:ASD

Design Method : Segmented

Wall Material : SP

Function : Gravity

GEOMETRY

Total Height : 19 ft

Total Length : 8.25 ft

Parapet Height : 6 ft

Wall H/W Ratio : 2.30

K : 1.00

MATERIALS

Description Material Size

Top Pl SP 2-2X6

Sill SP 2X6

Wall Stud SP 2X6

Chord SP 2-2X6

R2

R3R6

R5

R9

R8
H1

DESIGN DETAILS

REGION INFORMATION

Full-Height

Region Label

Stud

Required Cap

Stud

Provided Cap Stud UC Stud LC

R2 0.091 4.222 0.021 3

R3 0.034 9.178 0.004 1

R6 0.024 9.178 0.003 1

R9 0.041 9.178 0.004 1

R8 0.125 4.222 0.03 3

OPENING INFORMATION

Header Label Header Size Shear UC Bending UC Governing LC

H1 2-2X10 0.031 0.04 3
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Company : Kreher Engineering Sept 21, 2021
9:05 AMDesigner : NJD

Job Number : K21-002 Checked By:_____
Model Name : K21-002 WP12 (In-Plane)

GENERAL

Code : AWC NDS-18:ASD

Design Method : Segmented

Wall Material : SP

Function : Gravity

GEOMETRY

Total Height : 15 ft

Total Length : 11.125 ft

Parapet Height : 2 ft

Wall H/W Ratio : 1.35

K : 1.00

MATERIALS

Description Material Size

Top Pl SP 2-2X6

Sill SP 2X6

Wall Stud SP 2X6

Chord SP 2-2X6

R2

R3R6

R5

R9

R8

H1

DESIGN DETAILS

REGION INFORMATION

Full-Height

Region Label

Stud

Required Cap

Stud

Provided Cap Stud UC Stud LC

R2 0.197 4.222 0.047 3

R3 0.011 10.315 0.001 1

R6 0.008 10.315 0 1

R9 0.01 10.315 0 1

R8 0.189 4.222 0.045 3

OPENING INFORMATION

Header Label Header Size Shear UC Bending UC Governing LC

H1 2-2X10 0.061 0.08 3
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Company : Kreher Engineering Sept 21, 2021
9:06 AMDesigner : NJD

Job Number : K21-002 Checked By:_____
Model Name : K21-002 WP17A (In-Plane)

GENERAL

Code : AWC NDS-18:ASD

Design Method : Segmented

Wall Material : SP

Function : Gravity

GEOMETRY

Total Height : 19 ft

Total Length : 15.5 ft

Parapet Height : 6 ft

Wall H/W Ratio : 1.23

K : 1.00

MATERIALS

Description Material Size

Top Pl SP 2-2X6

Sill SP 2X6

Wall Stud SP 2X6

Chord SP 2-2X6

R2

R3R6

R5

R7

R10

R9

H1

DESIGN DETAILS

REGION INFORMATION

Full-Height

Region Label

Stud

Required Cap

Stud

Provided Cap Stud UC Stud LC

R2 0.133 4.222 0.031 3

R3 0.054 9.178 0.006 1

R6 0.027 9.178 0.003 1

R10 0.057 9.178 0.006 1

R9 0.147 4.222 0.035 3

OPENING INFORMATION

Header Label Header Size Shear UC Bending UC Governing LC

H1 2-2X10 0.059 0.178 3
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KREHER                                             ENGINEERING, INC.  

 
 

 

208 N. Main St., Suite H, Columbia, IL 62236     ph (618)281-8505     fax (618)281-8515   

 

RISA 3D ANALYSIS 

BUILDING FOUNDATION 
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Company : Kreher Engineering Sept 21, 2021
9:16 AMDesigner : NJD

Job Number : K21-002 Checked By:_____
Model Name : K21-002

Footing Geometry Results

Joint Footing Length[ft] Width[ft] Thickness[in] ex[in] ez[in] Pedestal Ht[in] Ped Xdim[in] Ped Zdim[in]

1 FLR_1_N1... F1 3 3 24 0 0 0 12 12
2 FLR_1_N1... F1 3 3 24 0 0 0 12 12
3 FLR_1_N1... F1 3 3 24 0 0 0 12 12

Wall Footing Stability

Label Bearing UC Bearing LC Max Bearing[ksf] OT UC OT UC LC MOT[k-ft/ft] Sliding UC Sliding LC Sliding Force[k/ft]

1 WF1 0.479 36 1.199 0.132 35 0.187 0 66 0
2 WF2 0.245 43 0.612 0.361 66 0.215 0.085 43 0.018
3 WF3 0.434 36 1.085 0.002 66 0.003 0 66 0
4 WF4 0.261 36 0.652 0.676 67 0.455 0.161 67 0.026
5 WF5 0.466 42 1.166 0.356 42 0.465 0.237 42 0.078
6 WF6 0.353 44 0.882 NC NC NC NC NC NC
7 WF7 0.192 44 0.481 NC NC NC NC NC NC
8 WF8 0.202 54 0.506 NC NC NC NC NC NC
9 WF9 0.236 42 0.591 0.177 42 0.145 0.08 66 0.016
10 WF10 0.489 36 1.223 NC NC NC NC NC NC
11 WF11 0.395 42 0.987 0.136 67 0.098 0.061 42 0.022
12 WF12 Not Design...

13 WF13 0.222 36 0.555 0 67 0 0 66 0
14 WF14 0.559 36 1.399 NC NC NC NC NC NC
15 WF15 0.261 36 0.651 0.011 66 0.008 0.001 66 0
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KREHER                                             ENGINEERING, INC.  

 
 

 

208 N. Main St., Suite H, Columbia, IL 62236     ph (618)281-8505     fax (618)281-8515   

 

SITE STRUCTURE(s) 

FOUNDATION DESIGN 
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Kreher Engineering Inc.

208 N Main St., Suite H, Columbia, IL 62236

Project

Dutch Bros

Job Ref.

K21-002

Section

Menu Board Foundation

Sheet no./rev.

 1

Calc. by

NJD

Date

9/20/2021

Chk'd by Date App'd by Date

FLAGPOLE EMBEDMENT (IBC)

In accordance with IBC 2018

Tedds calculation version 1.2.02

Design summary

Embedment depth required is 3.87 ft

4
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Actual soil pressure = 257.7 psf
Allowable soil pressure = 257.7 psf

400.0 lb

0.0 lb

0.0 plf

M
1

 

Soil capacity data

Allowable passive pressure; Lsbc = 100 pcf

Maximum allowable passive pressure; Pmax = 3000 psf

Load factor 1 (1806.1); LDF1 = 1.00

Load factor 2 (1806.3.4); LDF2 = 2.0

Pole geometry

Shape of the pole; Round

Diameter of the pole; Dia = 24 in

Laterally restrained; No

Load data

First point load; P1 = 400 lbs

Distance of P1 from ground surface; H1 = 4 ft

Second point load; P2 = 0 lbs

Distance of P2 from ground surface; H2 = 1 ft

Uniformly distributed load; W = 0 plf

Start distance of W from ground surface; a = 2 ft

End distance of W from ground surface; a1 = 4 ft

Applied moment; M1 = 0 lb_ft
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Kreher Engineering Inc.

208 N Main St., Suite H, Columbia, IL 62236

Project

Dutch Bros

Job Ref.

K21-002

Section

Menu Board Foundation

Sheet no./rev.

 2

Calc. by

NJD

Date

9/20/2021

Chk'd by Date App'd by Date

Distance of M1 from ground surface; H3 = 0 ft

Shear force and bending moment

Total shear force; F = P1 + P2 + W × (a1 – a) = 400 lbs

Total bending moment at grade; Mg = P1 × H1 + P2 × H2 + W × (a1 – a) × (a + a1) / 2 + M1 = 1600 lb_ft

Distance of resultant lateral force; h = abs(Mg / F) = 4 ft

Embedment depth (1807.3.2.1)

Embedment depth provided; D = 3.87 ft

Allowable lateral passive pressure; S1 = min(Pmax, Lsbc × min(D, 12 ft) / 3) × LDF1 × LDF2 = 257.7 psf

Factor A; A = 2.34 × abs(F) / (S1 × Dia) = 1.8 ft 

Embedment depth required; D1 = 0.5 × A × (1 + (1 + ((4.36 × h) / A))0.5) = 3.87 ft

Actual lateral passive pressure; S2 = (2.34 × abs(F) × ((4.36 × h) + (4 × D))) / (4 × D2 × Dia) = 257.7 psf
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Kreher Engineering Inc.

208 N Main St., Suite H, Columbia, IL 62236

Project

Dutch Bros

Job Ref.

K21-002

Section

DT Canopy Foundation

Sheet no./rev.

 1

Calc. by

NJD

Date

9/20/2021

Chk'd by Date App'd by Date

FLAGPOLE EMBEDMENT (IBC)

In accordance with IBC 2018

Tedds calculation version 1.2.02

Design summary

Embedment depth required is 5.71 ft
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Actual soil pressure = 380.8 psf
Allowable soil pressure = 380.8 psf

600.0 lb

0.0 lb

0.0 plf

M
1

 

Soil capacity data

Allowable passive pressure; Lsbc = 100 pcf

Maximum allowable passive pressure; Pmax = 3000 psf

Load factor 1 (1806.1); LDF1 = 1.00

Load factor 2 (1806.3.4); LDF2 = 2.0

Pole geometry

Shape of the pole; Round

Diameter of the pole; Dia = 24 in

Laterally restrained; No

Load data

First point load; P1 = 600 lbs

Distance of P1 from ground surface; H1 = 11 ft

Second point load; P2 = 0 lbs

Distance of P2 from ground surface; H2 = 1 ft

Uniformly distributed load; W = 0 plf

Start distance of W from ground surface; a = 2 ft

End distance of W from ground surface; a1 = 4 ft

Applied moment; M1 = 0 lb_ft

Page 99 of 112



Kreher Engineering Inc.

208 N Main St., Suite H, Columbia, IL 62236

Project

Dutch Bros

Job Ref.

K21-002

Section

DT Canopy Foundation

Sheet no./rev.

 2

Calc. by

NJD

Date

9/20/2021

Chk'd by Date App'd by Date

Distance of M1 from ground surface; H3 = 0 ft

Shear force and bending moment

Total shear force; F = P1 + P2 + W × (a1 – a) = 600 lbs

Total bending moment at grade; Mg = P1 × H1 + P2 × H2 + W × (a1 – a) × (a + a1) / 2 + M1 = 6600 lb_ft

Distance of resultant lateral force; h = abs(Mg / F) = 11 ft

Embedment depth (1807.3.2.1)

Embedment depth provided; D = 5.71 ft

Allowable lateral passive pressure; S1 = min(Pmax, Lsbc × min(D, 12 ft) / 3) × LDF1 × LDF2 = 380.8 psf

Factor A; A = 2.34 × abs(F) / (S1 × Dia) = 1.8 ft 

Embedment depth required; D1 = 0.5 × A × (1 + (1 + ((4.36 × h) / A))0.5) = 5.71 ft

Actual lateral passive pressure; S2 = (2.34 × abs(F) × ((4.36 × h) + (4 × D))) / (4 × D2 × Dia) = 380.8 psf
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Kreher Engineering Inc.

208 N Main St., Suite H, Columbia, IL 62236

Project

Dutch Bros

Job Ref.

K21-002

Section

Pylon Foundation

Sheet no./rev.

 1

Calc. by

NJD

Date

9/21/2021

Chk'd by Date App'd by Date

FLAGPOLE EMBEDMENT (IBC)

In accordance with IBC 2018

Tedds calculation version 1.2.02

Design summary

Embedment depth required is 9.35 ft
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Actual soil pressure = 623.5 psf
Allowable soil pressure = 623.5 psf

4400.0 lb

0.0 lb

0.0 plf

M
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Soil capacity data

Allowable passive pressure; Lsbc = 100 pcf

Maximum allowable passive pressure; Pmax = 3000 psf

Load factor 1 (1806.1); LDF1 = 1.00

Load factor 2 (1806.3.4); LDF2 = 2.0

Pole geometry

Shape of the pole; Round

Diameter of the pole; Dia = 36 in

Laterally restrained; No

Load data

First point load; P1 = 4400 lbs

Distance of P1 from ground surface; H1 = 6 ft

Second point load; P2 = 0 lbs

Distance of P2 from ground surface; H2 = 0 ft

Uniformly distributed load; W = 0 plf

Start distance of W from ground surface; a = 2 ft

End distance of W from ground surface; a1 = 4 ft

Applied moment; M1 = 0 lb_ft
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Kreher Engineering Inc.

208 N Main St., Suite H, Columbia, IL 62236

Project

Dutch Bros

Job Ref.

K21-002

Section

Pylon Foundation

Sheet no./rev.

 2

Calc. by

NJD

Date

9/21/2021

Chk'd by Date App'd by Date

Distance of M1 from ground surface; H3 = 0 ft

Shear force and bending moment

Total shear force; F = P1 + P2 + W × (a1 – a) = 4400 lbs

Total bending moment at grade; Mg = P1 × H1 + P2 × H2 + W × (a1 – a) × (a + a1) / 2 + M1 = 26400 lb_ft

Distance of resultant lateral force; h = abs(Mg / F) = 6 ft

Embedment depth (1807.3.2.1)

Embedment depth provided; D = 9.35 ft

Allowable lateral passive pressure; S1 = min(Pmax, Lsbc × min(D, 12 ft) / 3) × LDF1 × LDF2 = 623.5 psf

Factor A; A = 2.34 × abs(F) / (S1 × Dia) = 5.5 ft 

Embedment depth required; D1 = 0.5 × A × (1 + (1 + ((4.36 × h) / A))0.5) = 9.35 ft

Actual lateral passive pressure; S2 = (2.34 × abs(F) × ((4.36 × h) + (4 × D))) / (4 × D2 × Dia) = 623.5 psf
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Kreher Engineering Inc.

208 N Main St., Suite H, Columbia, IL 62236

Project

Dutch Bros

Job Ref.

K21-002

Section

Light Pole Foundation

Sheet no./rev.

 1

Calc. by

NJD

Date

9/20/2021

Chk'd by Date App'd by Date

FLAGPOLE EMBEDMENT (IBC)

In accordance with IBC 2018

Tedds calculation version 1.2.02

Design summary

Embedment depth required is 8.48 ft
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Actual soil pressure = 565.4 psf
Allowable soil pressure = 565.4 psf

1400.0 lb

0.0 lb

0.0 plf
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Soil capacity data

Allowable passive pressure; Lsbc = 100 pcf

Maximum allowable passive pressure; Pmax = 3000 psf

Load factor 1 (1806.1); LDF1 = 1.00

Load factor 2 (1806.3.4); LDF2 = 2.0

Pole geometry

Shape of the pole; Round

Diameter of the pole; Dia = 24 in

Laterally restrained; No

Load data

First point load; P1 = 1400 lbs

Distance of P1 from ground surface; H1 = 15 ft

Second point load; P2 = 0 lbs

Distance of P2 from ground surface; H2 = 5 ft

Uniformly distributed load; W = 0 plf

Start distance of W from ground surface; a = 2 ft

End distance of W from ground surface; a1 = 4 ft

Applied moment; M1 = 0 lb_ft

Page 103 of 112



Kreher Engineering Inc.

208 N Main St., Suite H, Columbia, IL 62236

Project

Dutch Bros

Job Ref.

K21-002

Section

Light Pole Foundation

Sheet no./rev.

 2

Calc. by

NJD

Date

9/20/2021

Chk'd by Date App'd by Date

Distance of M1 from ground surface; H3 = 0 ft

Shear force and bending moment

Total shear force; F = P1 + P2 + W × (a1 – a) = 1400 lbs

Total bending moment at grade; Mg = P1 × H1 + P2 × H2 + W × (a1 – a) × (a + a1) / 2 + M1 = 21000 lb_ft

Distance of resultant lateral force; h = abs(Mg / F) = 15 ft

Embedment depth (1807.3.2.1)

Embedment depth provided; D = 8.48 ft

Allowable lateral passive pressure; S1 = min(Pmax, Lsbc × min(D, 12 ft) / 3) × LDF1 × LDF2 = 565.4 psf

Factor A; A = 2.34 × abs(F) / (S1 × Dia) = 2.9 ft 

Embedment depth required; D1 = 0.5 × A × (1 + (1 + ((4.36 × h) / A))0.5) = 8.48 ft

Actual lateral passive pressure; S2 = (2.34 × abs(F) × ((4.36 × h) + (4 × D))) / (4 × D2 × Dia) = 565.4 psf
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Use menu item Settings > Printing & Title Block

to set these five lines of information

for your program.

Title :Trash Enclosure Wall & Ftg Page :  1
Dsgnr: NJD Date: 20 SEP 2021
Description....

This Wall in File: K:\Acad\Jobs\K21-002 Dutch Bros\K21-002M Shawnee KS\Final Calculations\NJD\05 - R

RetainPro (c) 1987-2019,  Build 11.19.07.17
Cantilevered Retaining Wall Code: IBC 2015,ACI 318-14,ACI 530-13License : KW-06060040

License To : Kreher Engineering, Inc.

Project Name/Number : Dutch Bros

0.67

6.00

0.00

8.00

1,500.0

39.0

0.0
250.0

Criteria Soil Data

Retained Height = ft

Wall height above soil = ft
Active Heel Pressure = psf/ft

Slope Behind Wall

Height of Soil over Toe in

Water height over heel = ft

=

=

110.00= pcf

=

Soil Density, Heel

=
Passive Pressure = psf/ft

Allow Soil Bearing = psf

Soil Density, Toe 0.00 pcf

Footing||Soil Friction = 0.300

Soil height to ignore
for passive pressure = 28.00 in

Equivalent Fluid Pressure Method

Surcharge Loads Adjacent Footing Load

Load Type

0.0 Lateral Load = 0.0 #/ft

0.0

0.0
0.0
0.0

Axial Load Applied to Stem

Wall to Ftg CL Dist = 0.00 ft

Wind on Exposed Stem psf33.0=

Lateral Load Applied to Stem

Surcharge Over Heel = psf Adjacent Footing Load = 0.0 lbs

Axial Dead Load

(Service Level)

= lbs

Footing Type Line Load

Surcharge Over Toe
Footing Width = 0.00 ft...Height to Top = 0.00 ft
Eccentricity = 0.00 in...Height to Bottom = 0.00 ft

Used To Resist Sliding & Overturning

Used for Sliding & Overturning

= 0.0 ft

Axial Live Load =

Base Above/Below Soil

lbs

=

Axial Load Eccentricity =
=Poisson's Ratio 0.300

at Back of Wall

in
(Strength Level)

Wind (W)=

Design Summary

Wall Stability Ratios
Overturning = 2.23 OK
Sliding = 2.41 OK

Total Bearing Load = 1,378 lbs
...resultant ecc. = 6.48 in

Soil Pressure @ Toe = 1,294 psf  OK
Soil Pressure @ Heel = 0 psf  OK

Allowable = 1,500 psf
Soil Pressure Less Than Allowable

ACI Factored @ Toe = 1,811 psf
ACI Factored @ Heel = 0 psf

Footing Shear @ Toe = 3.3 psi  OK

Footing Shear @ Heel = 1.6 psi  OK

Allowable = 94.9 psi

Sliding Calcs

Lateral Sliding Force = 257.8 lbs
less 100% Passive Force
less 100% Friction Force

Added Force Req'd

....for 1.5 Stability =

0.0=

413.3
208.3

=
=

0.0

-
lbs
lbs

lbs  OK

lbs  OK

-

Masonry Block Type = Normal Weight

Stem Construction Bottom

Stem OK

Shear.....Actual

Design Height Above Ftg = 0.00ft

Wall Material Above "Ht" = Masonry

Thickness = 8.00
Rebar Size = # 5

Rebar Spacing = 48.00

Rebar Placed at = Center
Design Data

fb/FB + fa/Fa = 0.574

Total Force @ Section

=lbs

Moment....Actual

=ft-#

Moment.....Allowable = 1,270.3

=psi

Shear.....Allowable = 90.0psi

Wall Weight = 84.0psf

Rebar Depth  'd' = 3.75in

Masonry Data

f'm = 2,500psi

Fy =psi 60,000

Solid Grouting = Yes

Modular Ratio 'n' = 12.89

Equiv. Solid Thick. = 7.60in

Concrete Data
f'c =psi

Fy =

Masonry Design Method LRFD=

Load Factors
Building Code IBC 2015,ACI

Dead Load 1.200

Live Load 1.600

Earth, H 1.600

Wind, W 1.000

Seismic, E 1.000 psi

Service Level

= 212.0lbsStrength Level

Service Level

Strength Level = 729.8ft-#

Service Level

Strength Level = 2.3psi

Design Method = LRFD

Vertical component of active lateral soil pressure IS
NOT considered in the calculation of soil bearing

Anet (Masonry) = 91.50in2
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Use menu item Settings > Printing & Title Block

to set these five lines of information

for your program.

Title :Trash Enclosure Wall & Ftg Page :  2
Dsgnr: NJD Date: 20 SEP 2021
Description....

This Wall in File: K:\Acad\Jobs\K21-002 Dutch Bros\K21-002M Shawnee KS\Final Calculations\NJD\05 - R

RetainPro (c) 1987-2019,  Build 11.19.07.17
Cantilevered Retaining Wall Code: IBC 2015,ACI 318-14,ACI 530-13License : KW-06060040

License To : Kreher Engineering, Inc.

Project Name/Number : Dutch Bros

0.92

1.58

24.00

Footing Torsion, Tu == ft-lbs0.00Min. As %

Footing Allow. Torsion, phi Tu

0.0018

= ft-lbs

Footing Data

If torsion exceeds allowable, provide

f'c

0.00

= 4,000 psi

Toe Width = ft
Heel Width =

Key Distance from Toe

Key Depth
Key Width = in

= in

=

0.00
0.00

0.00 ft

Footing Thickness = in

2.50=

Cover @ Top =2.00 in@ Btm.= 3.00 in

Total Footing Width

= 150.00 pcfFooting Concrete Density
Fy = 60,000 psi

Footing Design Results

Key:

=

No key defined

Factored Pressure
Mu' : Upward
Mu' : Downward
Mu:  Design

Actual 1-Way Shear
Allow 1-Way Shear

Toe: Not req'd: Mu < phi*5*lambda*sqrt(f'c)*Sm
Not req'd: Mu < phi*5*lambda*sqrt(f'c)*Sm

= None Spec'd

=
=

=

=
=

1,811
7,819
3,079

67

3.28
50.60

Heel:

0
0

3,082
257

1.56
50.60

HeelToe

psf
ft-#
ft-#
ft-#

psi
psi

Heel Reinforcing = # 5 @ 12.00 in

Other Acceptable Sizes & Spacings

Key Reinforcing

Toe Reinforcing = # 5 @ 12.00 in

Min footing T&S reinf Area
Min footing T&S reinf Area per foot

If one layer of horizontal bars:

1.30
0.52

#4@  4.63 in

#5@  7.18 in
#6@ 10.19 in

in2
in2 /ft

If two layers of horizontal bars:

#4@  9.26 in

#5@ 14.35 in
#6@ 20.37 in

supplemental design for footing torsion.

Summary of Overturning & Resisting Forces & Moments

.....RESISTING..........OVERTURNING.....
Force Distance Moment Distance Moment

Item
Force

ft-# lbs ftft ft-#lbs

Sloped Soil Over Heel

=Surcharge over Heel

=

Surcharge Over Heel

=

=

Adjacent Footing Load

=Adjacent Footing Load

Axial Dead Load on Stem =

=* Axial Live Load on Stem

Soil Over Toe

Surcharge Over Toe

Surcharge Over Toe

Load @ Stem Above Soil

=

118.8 5.67 673.6

=

=

0.46=

=

=

Stem Weight(s)

=

560.3 1.25 700.3

Earth @ Stem Transitions

=Footing Weight

=

749.9 1.25 937.3

Key Weight

=

Added Lateral Load

lbs

= 797.3

Vert. Component

Total

=

1,377.7 1,775.4
* Axial live load NOT included in total displayed, or used for overturning

resistance, but is included for soil pressure calculation.

Total = R.M.

=257.8 O.T.M.

=

Resisting/Overturning Ratio = 2.23

Vertical Loads used for Soil Pressure = 1,377.7 lbs

Vertical component of active lateral soil pressure IS NOT considered in
the calculation of Sliding Resistance.

Vertical component of active lateral soil pressure IS NOT considered in
the calculation of Overturning Resistance.

Soil Over HL  (ab. water tbl)

Soil Over HL  (bel. water tbl)

67.5 2.04

2.04

137.9

137.9

Watre Table

Buoyant Force =

HL Act Pres (ab water tbl)

HL Act Pres (be water tbl)

139.0 0.89 123.7

Hydrostatic Force
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Use menu item Settings > Printing & Title Block

to set these five lines of information

for your program.

Title :Trash Enclosure Wall & Ftg Page :  3
Dsgnr: NJD Date: 20 SEP 2021
Description....

This Wall in File: K:\Acad\Jobs\K21-002 Dutch Bros\K21-002M Shawnee KS\Final Calculations\NJD\05 - R

RetainPro (c) 1987-2019,  Build 11.19.07.17
Cantilevered Retaining Wall Code: IBC 2015,ACI 318-14,ACI 530-13License : KW-06060040

License To : Kreher Engineering, Inc.

Project Name/Number : Dutch Bros

Tilt

Horizontal Deflection at Top of Wall due to settlement of soil

(Deflection due to wall bending not considered)

Soil Spring Reaction Modulus 250.0 pci

Horizontal Defl @ Top of Wall (approximate only) 0.000 in

The above calculation is not valid if the heel soil bearing pressure exceeds that of the toe,

because the wall would then tend to rotate into the retained soil.
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Use menu item Settings > Printing & Title Block

to set these five lines of information

for your program.

Title :Trash Enclosure Wall & Ftg Page :  4
Dsgnr: NJD Date: 20 SEP 2021
Description....

This Wall in File: K:\Acad\Jobs\K21-002 Dutch Bros\K21-002M Shawnee KS\Final Calculations\NJD\05 - R

RetainPro (c) 1987-2019,  Build 11.19.07.17
Cantilevered Retaining Wall Code: IBC 2015,ACI 318-14,ACI 530-13License : KW-06060040

License To : Kreher Engineering, Inc.

Project Name/Number : Dutch Bros

Rebar Lap & Embedment Lengths Information

Stem Design Segment: Bottom

Stem Design Height:       0.00 ft above top of footing

Lap Splice length for #5 bar specified in this stem design segment = 40.63 in

Development length for #5 bar specified in this stem design segment = 40.63 in

Hooked embedment length into footing for #5 bar specified in this stem design segment = 8.30 in

As Provided = 0.0775 in2/ft

As Required = 0.0456 in2/ft
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Use menu item Settings > Printing & Title Block

to set these five lines of information

for your program.

Title :Trash Enclosure Wall & Ftg Page :  5
Dsgnr: NJD Date: 20 SEP 2021
Description....

This Wall in File: K:\Acad\Jobs\K21-002 Dutch Bros\K21-002M Shawnee KS\Final Calculations\NJD\05 - R

RetainPro (c) 1987-2019,  Build 11.19.07.17
Cantilevered Retaining Wall Code: IBC 2015,ACI 318-14,ACI 530-13License : KW-06060040

License To : Kreher Engineering, Inc.

Project Name/Number : Dutch Bros
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Use menu item Settings > Printing & Title Block

to set these five lines of information

for your program.

Title :Trash Enclosure Wall & Ftg Page :  6
Dsgnr: NJD Date: 20 SEP 2021
Description....

This Wall in File: K:\Acad\Jobs\K21-002 Dutch Bros\K21-002M Shawnee KS\Final Calculations\NJD\05 - R

RetainPro (c) 1987-2019,  Build 11.19.07.17
Cantilevered Retaining Wall Code: IBC 2015,ACI 318-14,ACI 530-13License : KW-06060040

License To : Kreher Engineering, Inc.

Project Name/Number : Dutch Bros
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Use menu item Settings > Printing & Title Block

to set these five lines of information

for your program.

Title :Trash Enclosure Wall & Ftg Page :  7
Dsgnr: NJD Date: 20 SEP 2021
Description....

This Wall in File: K:\Acad\Jobs\K21-002 Dutch Bros\K21-002M Shawnee KS\Final Calculations\NJD\05 - R

RetainPro (c) 1987-2019,  Build 11.19.07.17
Cantilevered Retaining Wall Code: IBC 2015,ACI 318-14,ACI 530-13License : KW-06060040

License To : Kreher Engineering, Inc.

Project Name/Number : Dutch Bros

Wall: Concrete Masonry

Designer to determine bar cutoff locations

  6.67 ft

  0.67 ft

  0.00 ft

     -0.0 lbs
     20.0 lbs

     40.0 lbs
     60.0 lbs

     80.0 lbs
    100.0 lbs

    120.0 lbs
    140.0 lbs

    160.0 lbs
    180.0 lbs

Applied Shear Diagram

Top of Soil

Page 111 of 112



Use menu item Settings > Printing & Title Block

to set these five lines of information

for your program.

Title :Trash Enclosure Wall & Ftg Page :  8
Dsgnr: NJD Date: 20 SEP 2021
Description....

This Wall in File: K:\Acad\Jobs\K21-002 Dutch Bros\K21-002M Shawnee KS\Final Calculations\NJD\05 - R

RetainPro (c) 1987-2019,  Build 11.19.07.17
Cantilevered Retaining Wall Code: IBC 2015,ACI 318-14,ACI 530-13License : KW-06060040

License To : Kreher Engineering, Inc.

Project Name/Number : Dutch Bros

Wall: Concrete Masonry Allowable Moment Lines: Concrete Masonry

Designer to determine bar cutoff locations

  6.67 ft

  0.67 ft

  0.00 ft

      0.0 ft-#
    140.0 ft-#

    280.0 ft-#
    420.0 ft-#

    560.0 ft-#
    700.0 ft-#

    840.0 ft-#
    980.0 ft-#

  1,120.0 ft-#
  1,260.0 ft-#

Applied Moment Diagram

Top of Soil

Mu =    729.8
MnPhi =  1,270.3ft-#

Page 112 of 112


