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Job #17135

Structural Narrative

Engineer: NBB

5/16/2017

Donald Lum ES Liquefaction Evaluation

STRUCTURAL NARRATIVE

Donald Lum Elementary School is a part of Alameda Unified School District located in 
Alameda, California. There are five buildings on the campus connected by covered 
walkways. The buildings consist of wood and steel framing with wood and masonry 
vertical elements.

Miller Pacific Engineering Group performed soil testing at the site and subsequent 
liquefaction analysis. They found a high risk of liquefaction at the site with potential 
differential settlement between 3 to 7 inches across a given building footprint.

To evaluate the effects of liquefaction at the site we analyzed perimeted and interior 
footings for a 25 foot diameter loss of bearing at each building.

The existing footings were not designed for this loss of bearing at the foundations and 
our anylsis indicates the footings do not have sufficient capacity to sustain the loss of 
bearing.



5/15/2017 Design Maps Summary Report

https://earthquake.usgs.gov/cn2/designmaps/us/summary.php?template=minimal&latitude=37.76169&longitude=122.26024&siteclass=3&riskcategory=1&edit… 1/1

Report Title

Building Code Reference Document

Site Coordinates

Site Soil Classification

Design Maps Summary Report
User–Specified Input

Donald Lum ES
Tue May 16, 2017 00:58:54 UTC

ASCE 4113 Retrofit Standard, BSE2N
(which utilizes USGS hazard data available in 2008)

37.76169°N, 122.26024°W

Site Class D – “Stiff Soil”

USGS–Provided Output

SS,BSE2N 1.507 g SXS,BSE2N 1.507 g

S1,BSE2N 0.600 g SX1,BSE2N 0.901 g

 

Although this information is a product of the U.S. Geological Survey, we provide no warranty, expressed or implied, as to the
accuracy of the data contained therein. This tool is not a substitute for technical subjectmatter knowledge.

https://www.usgs.gov/


5/15/2017 Design Maps Summary Report

https://earthquake.usgs.gov/cn2/designmaps/us/summary.php?template=minimal&latitude=37.76169&longitude=122.26024&siteclass=3&riskcategory=1&edit… 1/1

Report Title

Building Code Reference Document

Site Coordinates

Site Soil Classification

Design Maps Summary Report
User–Specified Input

Donald Lum ES
Tue May 16, 2017 00:59:22 UTC

ASCE 4113 Retrofit Standard, BSE1N
(which utilizes USGS hazard data available in 2008)

37.76169°N, 122.26024°W

Site Class D – “Stiff Soil”

USGS–Provided Output

SXS,BSE1N 1.005 g

SX1,BSE1N 0.600 g

 

Although this information is a product of the U.S. Geological Survey, we provide no warranty, expressed or implied, as to the
accuracy of the data contained therein. This tool is not a substitute for technical subjectmatter knowledge.

https://www.usgs.gov/
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ZFA Job #17135

Pseudo-Lateral Seismic Forces

Donald Lum ES 1959 Classroom

NBB

Site Criteria

Latitude = 37.76169

Longitude = -122.26024

Site Class = D [per Geotechnical Report]

Fa = 1

Fv = 1.5

 BSE2 Response Spectra (2% in 50 year period)

SS = 1.51 USGS Seismic Design Maps Fa = 1.00

S1 = 0.60 USGS Seismic Design Maps Fv = 1.50

SXS = 1.51 [Fa * SS]

SX1 = 0.90 [Fv * S1]

BSE1 Response Spectra (10% in 50 year period)

SS = 1.005 USGS Seismic Design Maps Fa = 1.10

S1 = 0.4 USGS Seismic Design Maps Fv = 1.50

SXS = 1.00 [Fa * SS]

SX1 = 0.60 [Fv * S1]

 Building Period (Method 2 - Empirical)

T =  [Ct * hnβ]

T = 0.17 sec

Ct = 0.02

hn = 17.0 ft [mean building height]

β = 0.75

Horizontal Response Acceleration

BSE2 BSE1

Ts = 0.60 0.60 [SX1 / SXS]

T0 = 0.12 0.12 [0.2 * TS]

B1 = [4 / {5.6 - ln(100 * 0.05)}]

Sa = 1.50 1.00 [SXS / B1]

HIGH Level of Seismicity

1.00

17135 Donald Lum ASCE41 Check.xlsx - Pseudo-Lateral



ZFA Job #17135

Pseudo-Lateral Seismic Forces

Donald Lum ES 1959 Classroom

NBB

Pseudo Lateral Force

BSE2 BSE1

V = 

V = 1.50 * W 1.00 * W with C1 = C2 = Cm = 1.0

DCRmax = QUD/QCE = 2.50 (see following calculations)

Cm = 1.0 [1.0 for 1-2 stories]

a = 60 [per Site Class]

R = [DCRmax * Cm / 1.5 >= 1.0]

R = 1.67

C1 = [1+ (R - 1) / (a * T
2
)] (T min = 0.2)

C2 = [1 + {(R - 1) / T}
2
 / 800]

C1 = 1.28

C2 = 1.02

BSE2' BSE1'

V' =

V' = 1.96 * W 1.31 * W with C1, C2, Cm as calculated above

C1C2CmSaW

C1C2CmSaW

17135 Donald Lum ASCE41 Check.xlsx - Pseudo-Lateral



ZFA Job #17135

Pseudo-Lateral Seismic Forces

Donald Lum ES 1959 Classroom

NBB

8587 sf (Includes Overhang)

Diaphragm: Roof Slope: Slope Factor: 1.04

Roof Materials PSF Diaphragm Wt

Built up roofing 6.0 53 kips

1/2" Plywood 1.5 13 kips

2x14 Wood Rafters @ 24"oc 3.0 27 kips

W16x36 1.4 13 kips

6x14 0.7 6 kips

M/E/P 1.5 13 kips

Ceiling 1.5 13 kips

Insulation 1.0 9 kips

Misc. 2.4 21 kips

Total 19.0 Sum = 169 kips

2) Seismic wall weights include half height of wall. 

Ext Walls

Line Elements PSF x x = Diaphragm Wall Wt

8" CMU Wall 80 5 kips

Window 10 2 kips

Sum = 6 kips

Line Elements PSF x x = Diaphragm Wall Wt

8" CMU Wall 80 5 kips

Door/Partition 10 2 kips

Sum = 6 kips

Line Elements PSF x x = Diaphragm Wall Wt

8" CMU Wall 80 5 kips

Door 10 2 kips

Sum = 6 kips

Line Elements PSF x x = Diaphragm Wall Wt

8" CMU Wall 80 5 kips

Window 10 2 kips

Sum = 6 kips

Line Elements PSF x x = Diaphragm Wall Wt

8" CMU Wall 80 5 kips

Window 10 2 kips

Sum = 6 kips

Line Elements PSF x x = Diaphragm Wall Wt

8" CMU Wall 80 5 kips

Window 10 2 kips

Sum = 6 kips

3 kips

13 kips

Height (ft) Wall Weight

9.0 3 kips

9.8 9 kips

13 kips

9.8 9 kips

9.0 3 kips

13 kips

13 kips

Roof Area =

x Roof Area = 

38

Length (ft)or Quantity

38

12

4

13 kips

Length (ft)or Quantity Height (ft) Wall Weight

38 9.0

9.0

1) Diaphragm weights include the diaphragm and half of the height of out-

of-plane walls.

3.25:12

Length (ft)or Quantity Height (ft) Wall Weight

1
3 kips

12 9.8 9 kips
2

5
12 9.8 9 kips

38 9.0 3 kips

12 9.8 9 kips

3

Length (ft)or Quantity Height (ft) Wall Weight

12

38

Length (ft)or Quantity Height (ft) Wall Weight

13 kips

6
12 9.8 9 kips

38 9.0 3 kips

Length (ft)or Quantity Height (ft) Wall Weight

17135 Donald Lum ASCE41 Check.xlsx - Material Weights



ZFA Job #17135

Pseudo-Lateral Seismic Forces

Donald Lum ES 1959 Classroom

NBB

Int Walls

Line Elements PSF x x = Diaphragm Wall Wt

1 Wood Framed Wall 15 2 kips

Sum = 2 kips

Line Elements PSF x x = Diaphragm Wall Wt

2 Wood Framed Wall 15 2 kips

Sum = 2 kips

Line Elements PSF x x = Diaphragm Wall Wt

3 Wood Framed Wall 15 2 kips

Sum = 2 kips

Line Elements PSF x x = Diaphragm Wall Wt

4 Wood Framed Wall 15 2 kips

Sum = 2 kips

Line Elements PSF x x = Diaphragm Wall Wt

5 Wood Framed Wall 15 2 kips

Sum = 2 kips

Line Elements PSF x x = Diaphragm Wall Wt

6 Wood Framed Wall 15 2 kips

Sum = 2 kips

Weight Summary:

Diaphragm Weights

Diaphragm Weight = 215 kips

Height (ft) Wall Weight

Length (ft)or Quantity

5 kips

Length (ft)or Quantity

5 kips

Length (ft)or Quantity Height (ft) Wall Weight

24 13.0 5 kips

Height (ft) Wall Weight

24 13.0 5 kips

5 kips

Length (ft)or Quantity

24 13.0 5 kips

5 kips

5 kips13.024

Wall WeightHeight (ft)

5 kips

Length (ft)or Quantity Height (ft) Wall Weight

24 13.0 5 kips

5 kips

Length (ft)or Quantity Height (ft) Wall Weight

24 13.0 5 kips

17135 Donald Lum ASCE41 Check.xlsx - Material Weights



1959 Classroom







1959 Multi-Use

7,
47

7 
sf

4,
61

9 
sf

34
'-5

"
17

'-5
"

70'-2"

19'-3"

3,
35

8 
sf

16
3 

sf



ZFA Job #17135

Pseudo-Lateral Seismic Forces

Donald Lum ES 1959

Multi-Use

NBB

12095 sf (Includes Overhang)

Diaphragm: Roof Slope: Slope Factor: 1.04

Roof Materials PSF Diaphragm Wt

Built up roofing 6.0 75 kips

1/2" Plywood 1.5 19 kips

2x12 Wood Rafters @ 24"oc 2.6 33 kips

Steel Beams 1.4 17 kips

M/E/P 1.5 19 kips

Ceiling 1.5 19 kips

Insulation 1.0 13 kips

Misc. 2.5 31 kips

Total 18.0 Sum = 225 kips

2) Seismic wall weights include half height of wall. 

Ext Walls

Line Elements PSF x x = Diaphragm Wall Wt

8" CMU Wall 80 7 kips

Window 10  kips

Sum = 7 kips

Line Elements PSF x x = Diaphragm Wall Wt

8" CMU Wall 80 5 kips

Window 10 1 kips

Sum = 6 kips

Line Elements PSF x x = Diaphragm Wall Wt

8" CMU Wall 80  kips

Window 10 2 kips

Sum = 2 kips

Line Elements PSF x x = Diaphragm Wall Wt

8" CMU Wall 80 9 kips

Window 10  kips

Sum = 9 kips

Line Elements PSF x x = Diaphragm Wall Wt

8" CMU Wall 80  kips

Window 10 2 kips

Sum = 2 kips

Line Elements PSF x x = Diaphragm Wall Wt

8" CMU Wall 80 8 kips

Window 10 1 kips

Sum = 9 kips

9.0 1 kips

18 kips

4 kips

4 kips

Length (ft)or Quantity Height (ft) Wall Weight

6
24 8.7 17 kips

16

17 kips

Length (ft)or Quantity Height (ft) Wall Weight

5
0 8.7  kips

40 9.0

4
25 8.7 17 kips

0 9.0  kips

9.0 4 kips

4 kips

Length (ft)or Quantity Height (ft) Wall Weight

3 kips

12 kips

Length (ft)or Quantity Height (ft) Wall Weight

3
0 8.7  kips

40

13 kips

Length (ft)or Quantity Height (ft) Wall Weight

2
13 8.7 9 kips

28 9.0

1
19 8.7 13 kips

0 9.0  kips

Roof Area =

3.25:12

x Roof Area = 

1) Diaphragm weights include the diaphragm and half of the height of out-

of-plane walls.

Length (ft)or Quantity Height (ft) Wall Weight

17135 Donald Lum ASCE41 Check.xlsx - Material Weights-1959 multi use



ZFA Job #17135

Pseudo-Lateral Seismic Forces

Donald Lum ES 1959

Multi-Use

NBB

Int Walls

Line Elements PSF x x = Diaphragm Wall Wt

1 Wood Framed Wall 15 3 kips

Sum = 3 kips

Line Elements PSF x x = Diaphragm Wall Wt

2 8" CMU Wall 80 4 kips

Sum = 4 kips

Line Elements PSF x x = Diaphragm Wall Wt

3 Wood Framed Wall 15 19 kips

Sum = 19 kips

Line Elements PSF x x = Diaphragm Wall Wt

4 8" CMU Wall 80 18 kips

Sum = 18 kips

Line Elements PSF x x = Diaphragm Wall Wt

5 Wood Framed Wall 15 3 kips

Sum = 3 kips

Weight Summary:

Diaphragm Weights

Diaphragm Weight = 306 kips

50 9.0 7 kips

7 kips

49 9.0 35 kips

35 kips

Length (ft)or Quantity Height (ft) Wall Weight

210 12.0 38 kips

38 kips

Length (ft)or Quantity Height (ft) Wall Weight

12 9.0 9 kips

9 kips

Length (ft)or Quantity Height (ft) Wall Weight

50 9.0 7 kips

7 kips

Length (ft)or Quantity Height (ft) Wall Weight

Length (ft)or Quantity Height (ft) Wall Weight

17135 Donald Lum ASCE41 Check.xlsx - Material Weights-1959 multi use



1959 Multi-Use









1974 Classroom
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ZFA Job #17135

Pseudo-Lateral Seismic Forces

Donald Lum ES 1974 Classroom

NBB

7254 sf (Includes Overhang)

Diaphragm: Roof Slope: Slope Factor: 1.04

Roof Materials PSF Diaphragm Wt

Built up roofing 6.0 45 kips

5/8" Plywood 1.5 11 kips

2x8 Wood Rafters @ 16"oc 1.6 12 kips

GLB 0.6 5 kips

M/E/P 1.5 11 kips

Ceiling 1.5 11 kips

Insulation 1.0 8 kips

Misc. 2.3 17 kips

Total 16.0 Sum = 120 kips

2) Seismic wall weights include half height of wall. 

Ext Walls

Elements PSF x x = Diaphragm Wall Wt

Wood Wall 15 24 kips

Window 10 2 kips

Sum = 25 kips

Int Walls

Elements PSF x x = Diaphragm Wall Wt

Wood Framed Wall 12 9 kips

Sum = 9 kips

Weight Summary:

Diaphragm Weights

Diaphragm Weight = 154 kips

126 11.5 17 kips

17 kips

Length (ft)or Quantity Height (ft) Wall Weight

51 kips

315 10.0 47 kips

35 10.0 4 kips

Roof Area =

3.25:12

x Roof Area = 

1) Diaphragm weights include the diaphragm and half of the height of out-

of-plane walls.

Length (ft)or Quantity Height (ft) Wall Weight

17135 Donald Lum ASCE41 Check.xlsx - Material Weights-1974 classroom



1974 Classroom


