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APPENDIX A Working Group 4 
Recommendations for 
Experimental Program 

A.1 Introduction

This appendix summarizes the test plan established in early 2017 to guide the PEER-CEA 
Project Working Group 4 testing. This information is included to provide information on the 
overall experimental testing scope, objectives, and approach. Some aspects of the testing plan 
were revised during implementation. In particular, this is true of the small-component tests 
detailed in Attachment A, in which choice of test specimens further evolved as testing was being 
conducted. This report provides recommendations for testing to be conducted under the Task 4 
experimental program.

A.2 Testing Group A: Cripple-Wall Components

What: Testing of cripple wall components to develop load-deflection behavior for 
analytical modeling and loss modeling; these tests will also serve to identify 
characteristics of damage evolution to the cripple-wall component during 
combined lateral and axial (gravity) loading. 

Why: The load-deflection behavior of cripple walls is key to predicting seismic response 
of cripple wall dwellings and related damage. Existing data is very limited. 

Approach: Small-component testing as described below for finish materials with limited 
continuity and for correlation studies with large-component testing. 
Large-component testing as described below to capture influence of component 
size, boundary conditions, and continuity of finish materials to occupied story wall 
above. Intent is to use limited number of tests for comparison to small-component 
tests. This will determine whether it is possible to capture response in small-
component tests, or larger component is required. 
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A.5 Testing Group B: Load Path Connections

What: Testing of load path connections between foundation sill plate and foundation and 
connections between cripple-wall top plate and floor framing above. These tests 
will include retrofit conditions. 

Why: These connections are critical to the performance of cripple walls and anchorage, 
and there is little or no publicly available information on performance, especially 
performance within representative cripple-wall assemblies. 

Approach: Testing of retrofit anchors to foundations, used where there is not enough height to 
use roto-hammer in installation of anchor bolts. These retrofit anchors are bolted to 
the face of the foundation rather than the top and will be tested in a 2-ft-high 
cripple wall assembly. 

Testing with retrofit anchors will include representative connections from cripple-
wall top plate to floor framing above. 

Tests: One tests of back to back cripple walls, with retrofit 

Specimen 

Existing 
(E) or
Retrofit 

(R) 

Left Side Right Side 

Top 
Connection 

Bottom 
Connection 

Top 
Connection 

Bottom 
Connection 

B‐1 R A35 URFP A35 URFP 

(1) Post-installed anchors. Concrete anchor type TBD (epoxy vs. expansion anchor).

Test 
Location: 

UC Berkeley

Estimated 
Schedule: 

TBD estimated summer 2018 

Test 
Setup: 

Reuses base from large-component testing; see attached “Attachment B” sketch 
Sheet 5 of 6. 



A-5

A.6 Testing Group C: Combined Materials in Occupied Stories

What: Limited testing of full story-height walls in occupied stories with key combinations 
of interior and exterior finish materials. 

Why: The only combination of materials with substantial test information that includes 
appropriate wall configuration, boundary conditions, and loading protocol is the 
CUREE-CEA testing of combined stucco and gypboard. Rules currently used to 
combine finish material hysteretic behavior is known to be very approximate. 
Description of the combined finishes is key to study of propagation of damage into 
the occupied stories and resulting losses. 

Approach: Tests of priority combinations of materials using wall configuration and boundary 
conditions similar to the CUREE-EDA testing. Priority will be given to material 
combinations thought to be most damageable and therefore more critical to 
estimating losses. 

Tests: Two tests of back-to-back walls. 

Specimen 
Existing (E) 
or Retrofit 

(R) 
Exterior Finish Interior Finish 

Matching Small-
Component 
Specimen 

C-1 E 
Horizontal wood 
siding (shiplap) 

Plaster on wood lath A-9

C-2 E

T1-11 sheathing 
with typical non-

shear wall 
installation 

1/2-inch gypboard 
installed per 
conventional 
construction 

A-25

Test 
Location: 

UC Berkeley 

Estimated 
Schedule: 

TBD estimated fall 2018 

Test 
Setup: 

Reuses base from large-component testing; see attached “Attachment B” sketch 
Sheet 6 of 6. 

A.7 Future Testing

The following were identified as testing of interest that did not rise to the level of priority or fit 
within the available budget. These are provided for consideration for future testing: 

 Further testing of combined materials in occupied stories to better describe
performance of the superstructure.

 Systematic testing of cripple walls with deteriorated materials or fastening in
order to further expand the limited testing recommended to be conducted under
Group AS. Discussion is needed of types and extents of deterioration can
reasonably be studied through physical testing.
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 Testing of large subassemblies using box configurations rather than planar walls
in order to inform analytical modeling of three-dimensional structures.
Additionally, this may inform concerns that cripple walls can fail due to excessive
out of plane movement of the wall top, creating a p-delta condition that
overcomes the stud top and bottom connection capacities.

 Hybrid testing combining a large-scale cripple wall test with an analytical model
of a full building in order to allow understanding of differences and possible
model calibration required to capture response.

 Full-dwelling shake table test of dwelling with and without cripple wall retrofit as
a proof of concept and to allow modeling validation/calibration. It is noted that
this type of test specimen is the focus of planning for the final year of the project,
as requested in the CEA RFQ.



Specimen No. Existing or Retrofit Housing Era Loading Axial Load Cripple Wall Height Cripple Wall Length Anchorage Exterior Finish Boundary Conditions Comments

(E or R)

(D = dynamic CR = 

cyclic retrofit, CA = 

cyclic as-built)

(H = 450 plf, L = 

200 plf)
(ft) (ft)

(WS = wet sill, E = ends, 

S = spacing (ft), R = ATC-

110 Retrofit Suggestion 

)

(S1= early stucco only, S2 = post WWII 

stucco only, HS = horizontal siding, DS = 

diagonal siding, S+HS = stucco over hor. 

Siding, S+DS = stucco over diag. siding, T = 

T1-11 siding)

(A or B or C) *See  below*

A-1 E Pre-1940 D TBD 2 12 S(2') S+HS A Dynamic test

A-2 E Pre-1940 CA TBD 2 12 S(2') S+HS A

A-3 E Pre-1940 CA TBD 2 12 S(2') S+HS B

A-4 E Pre-1940 CA TBD 2 12 S(2') S+HS C

A-5 R Pre-1940 CR TBD 2 12 R S+HS A/B/C

A-6 E Pre-1940 CA TBD 6 16 S(2') S+HS A/B/C 1st 6' CW test

A-7 R Pre-1940 CR TBD 6 16 R S+HS A/B/C

A-8 E Pre-1940 CA TBD 6 16 WS HS A

A-9 R Pre-1940 CR TBD 2 12 R HS A

A-10 R Pre-1940 CR TBD 6 16 R HS A

A-11 E Pre-1940 CA TBD 4 12 S(2') S+DS A/B/C

A-12 R Pre-1940 CR TBD 4 12 R S+DS A/B/C

A-13 E Pre-1940 CA TBD 2 12 WS S+DS A/B/C

A-14 R Pre-1940 CR TBD 2 12 R S+DS A/B/C

A-15 E Pre-1940 CA TBD 4 or 6 16 S(2') S1 A/B/C

A-16 R Pre-1940 CR TBD 4 or 6 16 R S1 A/B/C

A-17 E Pre-1940 CA TBD 2 12 S(2') S1 A/B/C

A-18 R Pre-1940 CR TBD 2 12 R S1 A/B/C

A-19 E 1940-1955 CA TBD 2 12 S(6') HS A

A-20 R 1940-1955 CR TBD 2 12 R HS A

A-21 E 1940-1955 CA TBD 4 or 6 16 S(6') HS A

A-22 R 1940-1955 CR TBD 4 or 6 16 R HS A

A-23 E 1955-1970 CA TBD 2 12 S(6') T A

A-24 R 1955-1970 CR TBD 2 12 R T A

A-25 E 1955-1970 CA TBD 2 12 S(6') S2 A/B/C

A-26 R 1955-1970 CR TBD 2 12 R S2 A/B/C

A-27 E Pre-1940 CA TBD 2 12 WS S+HS A/B/C

A-28 E Pre-1940 CA TBD 4 or 6 16 WS S+HS A/B/C

A-29 E Pre-1940 CA TBD 2 12 S(6') S1 A/B/C

A-30 E Pre-1940 CA TBD 4 or 6 16 S(6') S1 A/B/C

Retrofit Dynamic Test 4 or 6' tall specimens 16' long specimens Wet Sill Stucco finish cases

Candidate baseline

Notes: assume 1/4" oversized AB holes throughou

General Comments: 1. % bracing is determined based on index building design

2. Seismic weight and gravity load to be determined based on index building (suggestion Heavy (450 plf) for 2' CW and Light (100 plf) for 4' & 6' CW)

3. Framing wood and nails have constant spacing and size 

4. Multiple HS/DS sizing and nailing? Multiple stucco styles w/n Pre-1940 era?

5. Exterior Finish Boundary Conditions: Option A - CUREE W-17 (Chai, Hutchinson, Vukazich) (CW only), Option B - CUREE EDA-03 (Arnold, Uang, Filiatrault) (CW, corner, rigid top connection)

Boundary Conditions:

Option A: Option B:

Evaluating fully anchored CW w/ horizontal 

siding only at 2' and 4 or 6' (construction 

characteristic of Post-1940)

Evaluating retrofit on early stucco for 4' or 6' 

CW

Typical corner constuction (3 - 2x4 with stucco wrapping), stucco connected to loading wood w/ nails @ 3" spacing o.c.

CW only configuration, no wrapping of the finish materials around corners, framed with gun-driven staples at 6" o.c. along all framing edges 

and studs

Evaluating retrofit on stucco over horizontal 

siding for 2' CW

Denotes 1940-1955 Tests

Evaluating existing and retrofit for T-111 

finishes on 2' CW and 4' or 6' CW

Evaluating fully anchored CW w/ stucco only 

common on post-WWII houses

Denotes Pre-1940 Tests

Denotes 1955-1970 Tests

Evaluate "deterioration" (no connection to sill 

plate) in stucco only and stucco over 

sheathing using WS and anchored 

construction on 2' and 4 or 6' CW for existing 

conditions only.

Denotes Pre-1940 Tests w/ deterioration 

Aimed to evaulate effect of boundary 

conditions on stucco (includes corner and 

rigid connection to loading beam)

Evaluating retrofit on horizontal siding for 2' 

and 6' CW, , examine if WS will pullout during 

overturning of 6' CW

Evaluating retrofit on stucco over diagonal 

siding for 4' CW (intermediate case)

Evaluating retrofit on stucco over diagonal 

siding for 2' CW (common of Pre-1920 

construction)
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Notes:

1 - Minimum Spacing between the lines of the fasteners is 
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";

2 - Space between adjoining panel edges is 
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";

3 - Use of Box or Common nails are  alternatively permitted, unless otherwise is marked.
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5d Cooler nail

at each bearing @ 6" O.C.

5d Cooler nail @ 6" O.C.
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Notes:

1 - Grade D building paper with horizontal joints lapped 2" and vertical joints lapped 6" placed directly over studs, fastened

with 

3

8

" staples;

2 - Sheathing is squared with no overlap, leaving a 

1

8

 " gap between panels;

3 - Full width sheathing board panels start from top and bottom, the cut to width required panel should be placed at the center

of each specimen;

4 - Stucco mixtures remain consistent for scratch and brown coat;

5 - 

3

8

" thick scratch coat applied first and cured 2 days while keeping moist;

6 - 

3

8

" brown coat applied second and cured 7 days while keeping moist;

7 - 
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8

" finish coat applied last and cured for 3 days while keeping moist.
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Instrumentation Plan **

Index Tag
Comment

1

2

3

4

5

Type

LVDT *LTFO1 25mm 0.01" or better Uplift between foundation and strong floor.

Range

Resolution

LVDTLTFO2 50mm 0.01" or better Slip between foundation and strong floor.

LVDT *LTFO3 25mm 0.01" or better Uplift between foundation and strong floor.

LVDTLTFO4 50mm 0.01" or better Slip between foundation and strong floor.

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

LVDT *LTCS1 25mm 0.01" or better V. disp. sill plate and sheathing.

LVDTLTCS2 50mm 0.01" or better

Location

Foundation

Foundation

Foundation

Foundation

H. disp. sill plate and sheathing.

LVDT *LTCS3 0.01" or better V. disp. sill plate and sheathing.

LVDTLTCS4 0.01" or better H. disp. sill plate and sheathing.

LVDT *LTCS7 0.01" or better V. disp. cripple wall top plate and sheathing.

LVDTLTCS8 0.01" or better H. disp. cripple wall top plate and sheathing.

LVDT *LTCS9 0.01" or better V. disp. cripple wall top plate and sheathing.

LVDTLTCS10 0.01" or better H. disp. cripple wall top plate and sheathing.

LVDT *LTCS5 0.01" or better V. disp. sill plate and sheathing.

LVDTLTCS6 0.01" or better H. disp. sill plate and sheathing.

LVDT *LTCS11 0.01" or better V. disp. cripple wall top plate and sheathing.

LVDTLTCS12 0.01" or better H. disp. cripple wall top plate and sheathing.

South Cripple Wall.
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South Cripple Wall.

South Cripple Wall.

South Cripple Wall.

South Cripple Wall.

South Cripple Wall.

South Cripple Wall.

South Cripple Wall.

South Cripple Wall.

South Cripple Wall.

South Cripple Wall.

South Cripple Wall.

25mm

50mm

25mm

50mm

25mm

50mm

25mm

50mm

25mm

50mm

LVDTLTCS13 0.01" or better V. disp. cripple wall sheathing and stucco.

South Cripple Wall.

50mm

LVDTLTCS14 0.01" or better H. disp. cripple wall sheathing and stucco.

South Cripple Wall.

50mm

Notes:

1 - All the LVDTs should be installed with stoke bar

half way so it can travel in both direction, excluding

the LVDTs are marked by *** in the instrumentation

tables;

2 - The LVDTs marked by *** in the instrumentation

tables should be installed by having the stroke bar

positioned at the maximum and travel just on

direction.

LVDTLTSF1 50mm 0.01" or better Slip between foundation and sill plate.

South Cripple Wall.

LVDTLTSF2 50mm 0.01" or better Slip between foundation and sill plate.

South Cripple Wall.
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0.01" or better

Instrumentation Plan **

Index Tag
Comment
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25

Type

Range

Resolution

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

Location

LVDT ***LTWS3 25mm 0.01" or better

LVDTLTWS4 50mm
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Specimen AL-1

AL1-I6

LVDTLTFD1 100mm 0.01" or better Slip between cripple wall top plate and floor diaphragm.

LVDTLTFD2 100mm 0.01" or better Slip between cripple wall top plate and floor diaphragm.

LVDT ***LTWS1 25mm 0.01" or better

LVDTLTWS2 50mm 0.01" or better H. disp. substructure sill plate and sheathing.

V. disp. substructure sill plate and sheathing.

LVDTLTLB1 50mm 0.01" or better
Slip between the loading beam and floor diaphragm.

LVDTLTCS15 0.01" or better V. disp. cripple wall sheathing and stucco.

South Cripple Wall.

50mm

LVDTLTCS16 0.01" or better H. disp. cripple wall sheathing and stucco.

South Cripple Wall.

50mm

LVDTLTWS5 0.01" or better V. disp. superstructure wall sheathing and stucco.

South Wall.

50mm

LVDTLTWS6 0.01" or better H. disp. superstructure wall sheathing and stucco.

South Wall.

50mm

LVDTLTWS7 0.01" or better V. disp. superstructure wall sheathing and stucco.

South Wall.

50mm

LVDTLTWS8 0.01" or better H. disp. superstructure wall sheathing and stucco.

South Wall.

50mm

LVDTLTCW1 0.01" or better Sepration between wall sheathing and stucco.

West Cripple Wall.

75mm

LVDTLTWW1 0.01" or better Sepration between wall sheathing and stucco.

West Wall.

75mm

Load Beam.

South Wall.

South Wall.

South Wall.

South Wall.

Floor & south cripple wall. .

Floor & south cripple wall. .

H. disp. substructure sill plate and sheathing.

V. disp. substructure sill plate and sheathing.

Notes:

1 - All the LVDTs should be installed with stoke bar

half way so it can travel in both direction, excluding

the LVDTs are marked by *** in the instrumentation

tables;

2 - The LVDTs marked by *** in the instrumentation

tables should be installed by having the stroke bar

positioned at the maximum and travel just on

direction.

LVDTLTSS1 0.01" or better V. displacement between wall sheathing and studs.

South Wall.

50mm

LVDTLTSS2 0.01" or better H. displacement between wall sheathing and studs.50mm

LVDTLTSS3 0.01" or better V. displacement between wall sheathing and studs.50mm

LVDTLTSS4 0.01" or better H. displacement between wall sheathing and studs.50mm

South Wall.

South Wall.

South Wall.

LVDTLTLB1E 0.01" or better Absolute vertical movement of the loading beam.

Load Beam.

75mm
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LVDTLTOP1 0.01" or better Out-of-plane deformation.

West Wall.

150mm

LVDTLTOP2 0.01" or better Out-of-plane deformation.

West Wall.

150mm

LVDTLTOP3 0.01" or better Out-of-plane deformation.150mm

LVDTLTOP4 0.01" or better Out-of-plane deformation.150mm

East Wall.

East Wall.
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Specimen AL-1

AL1-I7

Instrumentation Plan **

Index Tag
Comment

41
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44

45

Type

Range

Resolution

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

Location

Notes:

1 - All the LVDTs should be installed with stoke bar

half way so it can travel in both direction, excluding

the LVDTs are marked by *** in the instrumentation

tables;

2 - The LVDTs marked by *** in the instrumentation

tables should be installed by having the stroke bar

positioned at the maximum and travel just on

direction.
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Floor.SPFD1 0.01" or better

SPFD2

10"

10" 0.01" or better

Diagonal deformation in floor diaphragm.

Diagonal deformation in floor diaphragm.
Floor.

Instrumentation Plan

Index Tag

Range

Resolution

Comment

1

2

3

4

5

Type

String PotSPRF1 30"

6

7

8

9

10

Location

Reference Column

0.01" or better Vertical building deformation profile.

String PotSPRF2 30" Reference Column

0.01" or better Vertical building deformation profile.

String PotSPRF3 30" Reference Column

0.01" or better Vertical building deformation profile.

String PotSPRF4 30" Reference Column

0.01" or better Vertical building deformation profile.

String PotSPRF5 15" Reference Column

0.01" or better Vertical building deformation profile.
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Drawing title: Instrumentation Schedule C
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Large Component Test

Specimen AL-1

AL1-I8

String PotSPCS1 10" South cripple wall.

0.01" or better Diagonal deformation in cripple wall.

String PotSPCS2 10" South cripple wall.

0.01" or better Diagonal deformation in cripple wall.

String PotSPCS3 10" South cripple wall.

0.01" or better Diagonal deformation in cripple wall.

String PotSPCS4 10" South cripple wall.

0.01" or better Diagonal deformation in cripple wall.

11

12

13

14

15

16

17

18

19

20

String PotSPWS1 South wall.

0.01" or better Diagonal deformation in the superstructure wall.

String PotSPWS2 South wall.

0.01" or better Diagonal deformation in the superstructure wall.

10"

10"

String Pot

String Pot
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Instrumentation Plan

Index Tag

Range

Resolution

Comment

1

2

3

4

5

Type

Load WasherWLFS1 20 kips 100 lbf or less Developed load in found. to structure bolt. (Raw Data Tag 16438)

Load Washer 100 lbf or less Developed load in found. to structure bolt. (Raw Data Tag 16455)

Load Washer 100 lbf or less Developed load in found. to structure bolt. (Raw Data Tag 16429)

Load Washer 100 lbf or less Developed load in found. to structure bolt. (Raw Data Tag 16444)

Load Washer 100 lbf or less Developed load in found. to structure bolt. (Raw Data Tag 16436)

WLFS2

WLFS3

WLFS4

WLFN1

6

7

8

9

10

Load WasherWLFN2 100 lbf or less Developed load in found. to structure bolt. (Raw Data Tag 16432)

Load Washer 100 lbf or less Developed load in found. to structure bolt. (Raw Data Tag 16439)

Load Washer 100 lbf or less Developed load in found. to structure bolt. (Raw Data Tag 16434)

WLFN3

WLFN4

Location

Foundation north side.
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Drawing title: Instrumentation Schedule D
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Large Component Test

Specimen AL-1

AL1-I9

Foundation north side.

Foundation north side.

Foundation north side.

Foundation south side.

Foundation south side.

Foundation south side.

Foundation south side.

Load Washer 100 lbf or less Developed load in found. to structure bolt. (Raw Data Tag 16435)

Load Washer 100 lbf or less Developed load in found. to structure bolt. (Raw Data Tag 16436)

WLFW1

WLFW2 Foundation west side.

Foundation west side.

11

12

20 kips

20 kips

20 kips

20 kips

20 kips

20 kips

20 kips

20 kips

20 kips
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“Quantifying the Performance of Retrofit of Cripple Walls and Sill Anchorage in

Single Family Wood-frame Buildings”

Large Component Test - Working Group 4 - Specimen AL-2

Updated: December 12, 2018

Structural Drawings:

          AL1-S1 Retrofit Bracket

          AL1-S2 Plywood Retrofit Detail A

          AL1-S3 Plywood Retrofit Detail B

          AL1-S4 Plywood Retrofit Detail C

Construction:

Cripple wall:

7

8

" 3-coat stucco over horizontal lumber sheathing

Super Structure:

7

8

" 3-coat stucco over horizontal lumber sheathing (Exterior)

1

2

" gypsum board (Interior)

Retrofit:

Extra Bolts

Extra Brackets A35 Simposn Strong Tie

Plywood shear wall

Department of Civil and Environmental Engineering
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A35 Retrofit Angles

A35 Angle

12 8d x 1 

1

2

" (6 on each side)

Scale: 1" = 33" on 8.5x11
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Drawing title: Retrofit Bracket
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Large Component Test

Specimen AL-2

AL2-S1

A35 Angles w/ Nail

(12) 8d x 1 

1

2

" x 0.131"

A35 Retrofit Angles

Scale: Not to be scaled
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Drawing title: Plywood Retrofit Detail A
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AL2-S2

Extra Blocking

Scale: 1" = 33" on 8.5x11

2x4 Aligned with Inside Face

Blocking Between Cripple Studs

Notes:

1 - In total, 8 new threaded rods 

1

2

" in diameter are needed to be installed using concrete epoxy adhesive;

2- Threaded rods should be placed in the middle of the blocking, and at least 2" from the blocking ends;

3- Threaded rods minimum embedment depth is 4 

1

2

" into foundation concrete;

4- For all the bolts and extra threaded rods, bearing plates from the product line of Simpson Strong Tie should be installed;

5-

1

8

 " Gap to be considered between all Plywood;

6- In total, 28 angles (A35 Simpson Strong Tie) will be installed using total of (12) 8d x 1 

1

2

" x 0.131" nails per angle;

7- Nails should be offset 

1

2

" to 

3

8

" from the plywood panel edges;

8-

2x4 Extra Blocking

Fastened to Stud with 16d Nails @ 4" o.c.

Staggered and (2) 8d Top and Bottom Toe-nail

Extra Blocking for Installation of Plywood

Fastened to Stud with 16d Nails @ 4" o.c.

Staggered and (2) 8d top and bottom toe-nail

2x4 Extra Blocking

Fastened to Stud with 16d Nails @ 4" o.c.

Staggered and (2) 8d Top and Bottom Toe-nail

Plywood for Retrofit

Scale: 1" = 33" on 8.5x11

1

8

 " Gap Between all Plywood

8" x 8" Access Opening

With Rounded Edges

15

32

" Ply-wood

Sheathing Span Grade 32/16
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AL2-S3

Extra Reinforcing Bolts

Scale: 1" = 33" on 8.5x11 Threaded Rod 

1

2

 "

Blocking Nail Detail

Scale: Not to be scaled

Nail Blocking to Foundation Sill

with (4) 10d Common Nails

Staggered  1-1/2" Min. Spacing

Nail Blocking to Foundation sill

with (4) 10d Common Nails

Staggered  1-1/2" Min. Spacing

Exterior Siding

Exterior Siding

1" from edge

3" min.

Nail Blocking to Foundation sill

with (4) 10d Common Nails

Staggered  1-1/2" Min. Spacing

Exterior Siding

Exterior Siding

1" from edge

3" min.

Slotted Square Washer

3" x 3" x 

5

8

"

Blocking with no rod cases.

Blocking with rods.
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Plywood Nailing Pattern

Scale: 1" = 33" on 8.5x11
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AL2-S4
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3" min.

3" 6"

8d Common Nail to Connect

Plywood Sheathing

8
"
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“Quantifying the Performance of Retrofit of Cripple Walls and Sill Anchorage in

Single Family Wood-frame Buildings”

Large Component Test - Working Group 4 - Specimen B-1

Updated: April 22, 2019

Structural Drawings:

          B1-S1 Wall Framing Elevations

          B1-S2 Plywood Retrofit Detail Middle Section

          B1-S3 Plywood Retrofit Detail West Section

          B1-S4 Diaphragm Sheathing and Framing

          B1-S5 Retrofit Foundation Plates

          B1-S6 Shiplaps Siding

          B1-S7 Framing Details A

          B1-S8 Framing Details B

          B1-S9 Framing Details C

Construction:

Department of Civil and Environmental Engineering

Instrumentation Plan:

          B1-I1 Instrumentation Plan

          B1-I2 Instrumentation Schedule A

          B1-I3 Instrumentation Schedule B
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South Wall Framing

Detail B1-S7-2

Detail B1-S8-2

Scale: 1" = 33" on 8.5x11
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B1-S1

Detail B2-S8-2

7

3 4

"

7

3 4

"

1
'
-
5

1 2

"

4
"

2
"

Extra Blocking for Installation Shiplaps

Fastened to Stud with 16d Nails @ 4" o.c.

Staggered and (2) 8d top and bottom toe-nail

South Wall Framing

Scale: 1" = 33" on 8.5x11

8" x 8" Access Opening

With Rounded Edges

15

32

" Ply-wood Sheathing

Span Grade 32/16

Notes:

1- 

1

8

 " Gap to be considered between all Plywood;

2- Nails should be offset 

1

2

" to 

3

8

" from the plywood panel edges;

East and West Walls Framing

Scale: 1" = 33" on 8.5x11
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1 4

"
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B1-S2

Plywood Retrofit Nailing Pattern at the Middle

Scale: 1" = 33" on 8.5x11

Blocking Nail Detail

Scale: Not to be scaled

Nail Blocking to Foundation Sill

with (4) 10d Common Nails

Staggered  1-1/2" Min. Spacing

Nail Blocking to Foundation sill

with (4) 10d Common Nails

Staggered  1-1/2" Min. Spacing

Shiplap Siding

Retrofit Plywood

1" from edge

3" min.
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8d Common Nail to Connect

Plywood Sheathing

4
"

Notes:

1- 

1

8

 " Gap to be considered between all Plywood;

2- Nails should be offset 

1

2

" to 

3

8

" from the plywood panel edges.

15

32

" Ply-wood Sheathing

Span Grade 32/16

4"
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8d Common Nail to Connect

Plywood Sheathing

4
"
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" Ply-wood Sheathing

Span Grade 32/16
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B1-S3

Notes:

1- 

1

8

 " Gap to be considered between all Plywood;

2- Nails should be offset 

1

2

" to 

3

8

" from the plywood panel edges.

Plywood Retrofit Nailing Pattern at the West End

Scale: 1" = 33" on 8.5x11
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B1-S4

10d Common @ 3" O.C.

Roof Framing Plan

Scale: 1" = 33" on 8.5x11
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Floor Ply-wood Cut Diagram

4'

20'

5'-8" 7'7'-4"

19

32

" Ply-wood Structural I

10d Common @ 2" O.C.

10d Common @ 2" O.C.

Scale: 1" = 33" on 8.5x11

20'

4'

2x6 BLKG

3x6 JOIST

3x6 End

Joist

4x6

Loading Beam

Blocking

Detail B1-S8-1

Detail B1-S7-1

Total of 22 - A35 Brackets

12 8d x 1 

1

2

" (6 on each side)

10d Common @ 2" O.C.
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B1-S5

Simpson URFP

Scale: 1" = 33" on 8.5x11

12 Sipmson Strong Tie URFP Retrofit Foundation Plates with

2 Threaded Rod 

1

2

 "

5 Strong Drive Screws

Notes:

1- Nominal embedment depth for post-installed anchors must be 4";

2- For fixing the bolts, use High-Strength Epoxy Adhesive similar to SET-3G or AT-XP;

3- Use Threaded Rod 

1

2

 " for connecting the retrofit foundation plates to foundation;

4- Each anchor bolt requires a standard-cut washer.

(2) Threaded Rod 

1

2

 "

using epoxy adhesive.

Sipmson Strong Tie URFP

(5) 1⁄4" x 3" SDS

Simpson URFP Detail

Scale: Not to be scaled.

(2) Threaded Rod 

1

2

 "

using epoxy adhesive.

Sipmson Strong Tie URFP

(5) 1⁄4" x 3" SDS

4"
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Drawing title: Shiplap Siding
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B1-S6

South Wall Framing

Scale: 1" = 33" on 8.5x11

1x6 Primed Shiplap

East

West

Notes:

1- Shiplaps are connected using 2-8d HDG nail at each bearing;

2- The first shiplap should be spaced 

1

2

" from the surface of concrete;

3- A gap of 

1

8

" should be assigned between the  adjacent raws of shiplap.
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Endnail 2-16d

2x4

2x6

SILL PLATE

4x6 BLKG

2x6 BLKG

2x4

Double Top Plate

19

32

" Ply-wood

Structural I

Detail B1-S7-1

Endnail 2-16d

Facenail 16d @ 12" O.C.

2-16d at Corner Laps

Toenail 4-8d to Joists

Toenail 4-8d to Top Plate

per BLKG

Flushed with shiplap surface

Toenail 4-8d

per BLKG

Scale: 1" = 13 - 

1

2

" on 8.5x11
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Drawing title: Framing Details A
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B1-S7

3x6 Joists

A35 Angles with

(12) 8d x 1 

1

2

" x 0.131"  Nail

Rev01.03 04/10/2019

6-16d to Top Plate

per Joist
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Scale: 1" = 8 - 

1

4

" on 8.5x11

2x4

2x6

SILL PLATE

3x6 JOIST

3x6 End

Rim Joist

2x4 Double

Top Plate

19

32

" Ply-wood

Structural I

Detail B1-S8-1

Endnail

2-16d

Endnail 2-16d

Facenail 16d @ 12" O.C.

2-16d at the Corner Laps

Toenail 16d

@ 16" O.C.

Toenail 4-8d to Joists

Toenail 4-8d to Top Plate

per BLKG

Scale: 1" = 13 - 

1

2

" on 8.5x11

Detail B1-S8-2

2-Stud Corner

Drawing title: Framing Details B
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West Wall
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l

2 Studs Corner

2x4

Extra Stud for

Shiplap Installation

Rev01.03 04/10/2019

Shiplap 1x6" Primed

W/ 2-8d HDG Each Bearing

Retrofit Plywood

Notes:

1- Shiplaps are connected using 2-8d HDG nail at each bearing;

2- The first shiplap should be spaced 

1

2

" from the surface of concrete;

3- A gap of 

1

8

" should be assigned between the  adjacent raws of shiplap.

6-16d to Top Plate

per Joist
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SPRF1S

SPRF2S

Connected to

Upper Top Plate

SPRF3S

Connected to

Sill Plate

LTLB1E
LTLB1W

LTFO1

SPWF2S
SPWF1S

LTFS3S

LTFS1S

LTFS2S
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Specimen B-1

B1-I1

Instrumentation Plan West Wall

Scale: 1" = 33" on 8.5x11

LTOP1

Scale: 1" = 33" on 8.5x11

Instrumentation Plan South Wall

LTSS3S
LTSS1S

LTSS2S

LTTP1S
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Instrumentation Plan **

Index Tag
Comment

1

2

3

4

5

Type

LVDT *LTFO1 25mm 0.01" or better Uplift between foundation and strong floor.

Range

Resolution

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Location

Foundation
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Large Component Test

Specimen C-2

B1-I2

Notes:

1 - All the LVDTs should be installed with stoke bar

half way so it can travel in both direction, excluding

the LVDTs are marked by *** in the instrumentation

tables;

2 - The LVDTs marked by *** in the instrumentation

tables should be installed by having the stroke bar

positioned at the maximum and travel just on

direction.

Load Beam.
LVDTLTLB1E 0.01" or better Absolute vertical movement of the loading beam.

Load Beam.

100mm

LVDTLTLB1W 0.01" or better Absolute vertical movement of the loading beam.

Load Beam.

100mm

LTOP1 0.01" or better Out-of-plane deformation.

West Wall.String Pot

5"

String PotSPRF1S 20" Reference Column

0.01" or better Vertical building deformation profile.

String PotSPRF2S Reference Column

0.01" or better Vertical building deformation profile.

String PotSPRF3S Reference Column

0.01" or better Vertical building deformation profile.

String PotSPRF1N Reference Column

0.01" or better Vertical building deformation profile.

String PotSPRF2N Reference Column

0.01" or better Vertical building deformation profile.

String PotSPRF3N Reference Column

0.01" or better Vertical building deformation profile.

String Pot

0.01" or better Diagonal deformation in the superstructure wall.

String Pot North wall.

0.01" or better Diagonal deformation in the superstructure wall.

SPWF1N

SPWF2N

String Pot South wall.

0.01" or better Diagonal deformation in the superstructure wall.

String Pot South wall.

0.01" or better Diagonal deformation in the superstructure wall.

SPWF1S

SPWF2S

20"

20"

20"

20"

20"

20"

20"

20"

20"

North wall.

LVDTLTFS1S 0.01" or better100mm

LVDTLTFS2S 0.01" or better100mm

LVDTLTFS3S 0.01" or better100mm

V. Uplift of the Sill Plate from the foundation.

H. slip Sill Plate from the foundation.

South Wall.

South Wall.

V. Uplift of the Sill Plate from the foundation.

South Wall.

LVDT***LTFS1N 0.01" or better100mm

LVDTLTFS2N 0.01" or better200mm

LVDT***LTFS3N 0.01" or better100mm

V. Uplift of the Sill Plate from the foundation.

H. slip Sill Plate from the foundation.

V. Uplift of the Sill Plate from the foundation.

North wall.

North wall.

North wall.

B-49



Instrumentation Plan **

Index Tag
Comment
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Range

Resolution
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B1-I3

Notes:

1 - All the LVDTs should be installed with stoke bar

half way so it can travel in both direction, excluding

the LVDTs are marked by *** in the instrumentation

tables;

2 - The LVDTs marked by *** in the instrumentation

tables should be installed by having the stroke bar

positioned at the maximum and travel just on

direction.

LVDT***LTSS1S 0.01" or better100mm

LVDTLTSS2S 0.01" or better150mm

LVDT***LTSS3S 0.01" or better100mm

V. Uplift of the framing stud from the sill plate.

H. slip retrofit blocking from the sill plate.

South Wall.

South Wall.

V. Uplift of the framing stud from the sill plate.

South Wall.

LVDT***LTSS1N 0.01" or better100mm

LVDTLTSS2N 0.01" or better150mm

LVDT***LTSS3N 0.01" or better100mm

V. Uplift of the framing stud from the foundation.

H. slip retrofit blocking from the foundation.

V. Uplift of the framing stud from the foundation.

North wall.

North wall.

North wall.

LVDTLTTP1S 0.01" or better100mm
South Wall.

LVDTLTTP1N 0.01" or better100mm

Slip between the upper and lower top plates.

North wall.

Slip between the upper and lower top plates.
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          C1-S1 Overall Plan and Elevations
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Construction:
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Instrumentation Plan:
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Roof Ply-wood Cut Diagram
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" Ply-wood Structural I

10d Common @ 2" O.C.

10d Common @ 12" O.C.

Scale: 1" = 33" on 8.5x11

10d Common @ 2" O.C.
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Door
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Window
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South Wall Elevation
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4x12

Header 4x12 Header
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C1-S7
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W/ 2-8d HDG Each Bearing
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Gypsum Plaster
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 " Wood Plaster

Stop w/ 6d Trim Nail 12"~16" O.C.
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Notes:

1 - To avoid splitting at the end of lath, it is recommended to use predrilled holes at the ends;

2- HDZ stands for Hot Deep Galvanized nails, and should be used to connect the shiplaps to the building frame;

3- Building paper should be mounted to building frame using stapler and have at least 6" overlap between horizontal layers.

Grade D Building Paper

Grade D Building Paper
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LVDT *LTFO1 25mm 0.01" or better Uplift between foundation and strong floor.
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Specimen C-1

C1-I4

Notes:

1 - All the LVDTs should be installed with stoke bar

half way so it can travel in both direction, excluding

the LVDTs are marked by *** in the instrumentation

tables;

2 - The LVDTs marked by *** in the instrumentation

tables should be installed by having the stroke bar

positioned at the maximum and travel just on

direction.

LVDTLTWS1N 100mm 0.01" or better V. slip between the shiplap and the stud.

North Wall.

LVDT***LTWS2N 100mm 0.01" or better H. slip between the shiplap and the stud.

North Wall.

LVDTLTWS3N 100mm 0.01" or better

North Wall.

LVDT***LTWS4N 100mm 0.01" or better

North Wall.

V. slip between the shiplap and the stud.

H. slip between the shiplap and the stud.

LVDTLTSS1N 100mm 0.01" or better

North Wall.

LVDT***LTSS2N 100mm 0.01" or better

North Wall.

V. slip of stud from the foundation (4x6 block).

H. slip of sill plate from the foundation (4x6 block)..

LVDTLTSS3N 100mm 0.01" or better

North Wall.

LVDT***LTSS4N 100mm 0.01" or better

North Wall.

V. slip of stud from the foundation (4x6 block)..

H. slip of sill plate from the foundation (4x6 block)..

LVDT***LTSS5N 100mm 0.01" or better

North Wall.

LVDT***LTSS6N 100mm 0.01" or better

North Wall.

V. slip of stud from the foundation (4x6 block)..

V. slip of sill plate from the foundation (4x6 block)..

LVDTLTWS5N 100mm 0.01" or better

North Wall.

LVDT***LTWS6N 100mm 0.01" or better

North Wall.

V. slip between the shiplap and the stud.

H. slip between the shiplap and the stud.

LVDTLTLB1 25mm 0.01" or better
Slip between the loading beam and floor diaphragm.

Load Beam.

LVDTLTLB1E 0.01" or better Absolute vertical movement of the loading beam.

Load Beam.

75mm

LVDTLTLB1W 0.01" or better Absolute vertical movement of the loading beam.

Load Beam.

75mm
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Specimen C-1

C1-I5

Notes:

1 - All the LVDTs should be installed with stoke bar

half way so it can travel in both direction, excluding

the LVDTs are marked by *** in the instrumentation

tables;

2 - The LVDTs marked by *** in the instrumentation

tables should be installed by having the stroke bar

positioned at the maximum and travel just on

direction.

LVDTLTWS1S 100mm 0.01" or better V. slip between the shiplap and the stud.

South Wall.

LVDT***LTWS2S 100mm 0.01" or better H. slip between the shiplap and the stud.

LVDTLTWS3S 100mm 0.01" or better

LVDT***LTWS4S 100mm 0.01" or better

V. slip between the shiplap and the stud.

H. slip between the shiplap and the stud.

LVDTLTSS1S 100mm 0.01" or better

LVDT***LTSS2S 100mm 0.01" or better

V. slip of stud from the foundation (4x6 block).

H. slip of sill plate from the foundation (4x6 block)..

LVDTLTSS3S 100mm 0.01" or better

LVDT***LTSS4S 100mm 0.01" or better

V. slip of stud from the foundation (4x6 block)..

H. slip of sill plate from the foundation (4x6 block)..

LVDTLTTP1S 100mm 0.01" or better
Slip between the upper and lower top plate.

LVDTLTTS1S 100mm 0.01" or better
V. Slip between the lower top plate and stud.

South Wall.

South Wall.

South Wall.

South Wall.

South Wall.

South Wall.

South Wall.

South Wall.

South Wall.

LVDTLTTS2S 100mm 0.01" or better
H. Slip between the lower top plate and stud.

South Wall.

LVDTLTLM1 50mm 0.01" or better
V. Slip between the lath and stud.

North Wall.

LVDTLTLM2 50mm 0.01" or better
H. Slip between the lath and stud.

North Wall.

LVDTLTLM3 50mm 0.01" or better
V. Slip between the lath and stud.

North Wall.

LVDTLTLM4 50mm 0.01" or better
H. Slip between the lath and stud.

North Wall.

LVDTLTLM5 50mm 0.01" or better
H. Slip between the lath and stud.

North Wall.
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Instrumentation Plan

Index Tag

Range

Resolution

Comment

1

2

3

4

5

Type

Load WasherWLFS1 20 kips 100 lbf or less Developed load in found. to structure bolt. (Raw Data Tag 16438)

Load Washer 100 lbf or less Developed load in found. to structure bolt. (Raw Data Tag 16455)

Load Washer 100 lbf or less Developed load in found. to structure bolt. (Raw Data Tag 16429)

Load Washer 100 lbf or less Developed load in found. to structure bolt. (Raw Data Tag 16444)

Load Washer 100 lbf or less Developed load in found. to structure bolt. (Raw Data Tag 16436)

WLFS2

WLFS3

WLFS4

WLFN1

6

7

8

9

10

Load WasherWLFN2 100 lbf or less Developed load in found. to structure bolt. (Raw Data Tag 16432)

Load Washer 100 lbf or less Developed load in found. to structure bolt. (Raw Data Tag 16439)

Load Washer 100 lbf or less Developed load in found. to structure bolt. (Raw Data Tag 16434)

WLFN3

WLFN4

Location

Foundation north side.
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C1-I6

Foundation north side.

Foundation north side.

Foundation north side.

Foundation south side.

Foundation south side.

Foundation south side.

Foundation south side.

Load Washer 100 lbf or less Developed load in found. to structure bolt. (Raw Data Tag 16435)

Load Washer 100 lbf or less Developed load in found. to structure bolt. (Raw Data Tag 16436)

WLFW1

WLFW2 Foundation west side.

Foundation west side.

11

12

20 kips

20 kips

20 kips

20 kips

20 kips

20 kips

20 kips

20 kips

20 kips

13

14

15

16

17

18

String PotSPRF1N 30" Reference Column

0.01" or better Vertical building deformation profile.

String PotSPRF2N 30" Reference Column

0.01" or better Vertical building deformation profile.

String PotSPRF3N 30" Reference Column

0.01" or better Vertical building deformation profile.

19

20

String PotSPRF1S 30" Reference Column

0.01" or better Vertical building deformation profile.

String PotSPRF2S 30" Reference Column

0.01" or better Vertical building deformation profile.

String PotSPRF3S 30" Reference Column

0.01" or better Vertical building deformation profile.

String Pot North wall.

0.01" or better Diagonal deformation in the superstructure wall.

String Pot North wall.

0.01" or better Diagonal deformation in the superstructure wall.

30"

30"

SPWF1N

SPWF2N

String Pot North wall.

0.01" or better Diagonal deformation in the subsection wall.

String Pot North wall.

0.01" or better Diagonal deformation in the subsection wall.

10"

10"

SPWF3N

SPWF4N
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String Pot South wall.

0.01" or better Diagonal deformation in the superstructure wall.

String Pot South wall.

0.01" or better Diagonal deformation in the superstructure wall.

30"

30"

SPWF1S

SPWF2S

String Pot South wall.

0.01" or better Diagonal deformation in the subsection wall.

String Pot South wall.

0.01" or better Diagonal deformation in the subsection wall.

10"

10"

SPWF3S

SPWF4S

LTOP1 0.01" or better Out-of-plane deformation.

West Wall.

Floor.SPRD1 0.01" or better

SPRD2

10"

10" 0.01" or better

Diagonal deformation in floor diaphragm.

Diagonal deformation in floor diaphragm.
Floor.

String Pot

String Pot

String Pot

5"
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C2-S1

South Wall T1-11 Sheathing Cut

Scale: 1" = 33" on 8.5x11

Detail C2-S2-2

Detail C2-S3-1

Detail C2-S2-1

Detail C2-S3-2

Notes:

1 - Plywood siding panel T1-11 used (Common: 19/32 in. x 4 ft. x 9 ft.; Actual: 0.578 in. x 48 in. x 108 in.);

2- 

1

8

 " Gap to be considered between the plywood siding panel T1-11 joints as well as at the top beneath the facia;
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C2-S2

Detail C2-S2-1

4x12

Header

T1-11 Siding 

19

32

" using

8d Common Nail Hot Galvanized

6" Edge Nailing and 12" Field nailing

Detail C1-S2-2

Scale: 1" = 8 - 

1

4

" on 8.5x11

Scale: 1" = 8 - 

1

4

" on 8.5x11

Window or Door

Opening

1

2

 " GYP Board

5d cooler nail

@ 7" O.C.

each stud

T1-11 Siding 

19

32

" using

8d Common Nail Hot Galvanized

6" Edge Nailing and 12" Field nailing

1

2

 " GYP Board

5d cooler nail

@ 7" O.C.

each stud

2x4

Notes:

1 - To avoid splitting at the end of lath, it is recommended to use predrilled holes at the ends;

2- HDG (Hot Deep Galvanized) nails should be used to connect the shiplaps to the building frame;

3- Building paper should be mounted to building frame using stapler and have at least 6" overlap between horizontal layers;

4- Floating corners should be performed at the intersection of the ceiling and wall gypsum boards. First install the ceiling

gypsum board, but not nailing the edge adjacent to the wall;

5- The first fastener in ceiling gypsum board would be installed 12" away from the wall.

Grade D Building Paper

Grade D Building Paper

1

2

 " GYP Board

5d cooler nail

@ 7" O.C.

each joist

Floating Corner

5d cooler nail @ 7" O.C.

each joist

first fastener  12" away from wall

4x6

16d common nail @ 4" O.C.
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LVDT *LTFO1 25mm 0.01" or better Uplift between foundation and strong floor.

Range

Resolution

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Location

Foundation
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Large Component Test

Specimen C-2

C2-I4

Notes:

1 - All the LVDTs should be installed with stoke bar

half way so it can travel in both direction, excluding

the LVDTs are marked by *** in the instrumentation

tables;

2 - The LVDTs marked by *** in the instrumentation

tables should be installed by having the stroke bar

positioned at the maximum and travel just on

direction.

LVDTLTFT1N 100mm 0.01" or better V. slip between the T1-11 and the stud.

North Wall.

LVDT***LTFT2N 100mm 0.01" or better H. slip between the T1-11 and the stud.

North Wall.

LVDTLTFT3N 100mm 0.01" or better

North Wall.

LVDT***LTFT4N 100mm 0.01" or better

North Wall.

V. slip between the T1-11 and the stud.

H. slip between the T1-11 and the stud.

LVDTLTFS1N 100mm 0.01" or better

North Wall.

LVDT***LTFS2N 100mm 0.01" or better

North Wall.

V. slip of stud from the foundation (4x6 block).

H. slip of stud and sill plate.

LVDTLTSS3N 100mm 0.01" or better

North Wall.

LVDT***LTSS4N 100mm 0.01" or better

North Wall.

V. slip of stud from the foundation (4x6 block)..

H. slip of stud from the foundation (4x6 block)..

LVDT***LTSS5N 100mm 0.01" or better

North Wall.

LVDT***LTSS6N 100mm 0.01" or better

North Wall.

V. slip of stud from the foundation (4x6 block)..

V. slip of stud from the foundation (4x6 block)..

LVDTLTLB1 25mm 0.01" or better
Slip between the loading beam and floor diaphragm.

Load Beam.

LVDTLTLB1E 0.01" or better Absolute vertical movement of the loading beam.

Load Beam.

75mm

LVDTLTLB1W 0.01" or better Absolute vertical movement of the loading beam.

Load Beam.

75mm

LVDTLTFT1S 100mm 0.01" or better V. slip between the T1-11 and the stud.

South Wall.

LVDT***LTFT2S 100mm 0.01" or better H. slip between the T1-11 and the stud.

LVDTLTFT3S 100mm 0.01" or better

LVDT***LTFT4S 100mm 0.01" or better

V. slip between the T1-11 and the stud.

H. slip between the T1-11 and the stud.

South Wall.

South Wall.

South Wall.

LVDTLTFS1S 100mm 0.01" or better

South Wall.

LVDT***LTFS2S 100mm 0.01" or better

South Wall.

V. slip of stud from the foundation (4x6 block).

H. slip of stud and sill plate.
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Instrumentation Plan **

Index Tag
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Large Component Test

Specimen C-2

C2-I5

Notes:

1 - All the LVDTs should be installed with stoke bar

half way so it can travel in both direction, excluding

the LVDTs are marked by *** in the instrumentation

tables;

2 - The LVDTs marked by *** in the instrumentation

tables should be installed by having the stroke bar

positioned at the maximum and travel just on

direction.

LVDTLTTP1S 100mm 0.01" or better
Slip between the upper and lower top plate.

South Wall.

LVDTLTSS3N 100mm 0.01" or better

North Wall.

LVDT***LTSS4N 100mm 0.01" or better

North Wall.

V. slip of stud from the foundation (4x6 block)..

H. slip of stud from the foundation (4x6 block)..

LVDT***LTSS5N 100mm 0.01" or better

North Wall.

LVDT***LTSS6N 100mm 0.01" or better

North Wall.

V. slip of stud from the foundation (4x6 block)..

V. slip of stud from the foundation (4x6 block)..

LVDTLTFG1N 100mm 0.01" or better V. slip between the Gyp board and the stud.

North Wall.

LVDT***LTFG2N 100mm 0.01" or better H. slip between the Gyp board and the stud.

North Wall.

LVDTLTFG3N 100mm 0.01" or better

North Wall.

LVDT***LTFG4N 100mm 0.01" or better

North Wall.

V. slip between the Gyp board and the stud.

H. slip between the Gyp board and the stud.

LVDTLTFG1S 100mm 0.01" or better V. slip between the Gyp board and the stud.

South Wall.

LVDT***LTFG2S 100mm 0.01" or better H. slip between the Gyp board and the stud.

LVDTLTFG3S 100mm 0.01" or better

LVDT***LTFG4S 100mm 0.01" or better

V. slip between the Gyp board and the stud.

H. slip between the Gyp board and the stud.

South Wall.

South Wall.

South Wall.
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Instrumentation Plan

Index Tag

Range

Resolution

Comment

1

2

3

4

5

Type

Load WasherWLFS1 20 kips 100 lbf or less Developed load in found. to structure bolt. (Raw Data Tag 16438)

Load Washer 100 lbf or less Developed load in found. to structure bolt. (Raw Data Tag 16455)

Load Washer 100 lbf or less Developed load in found. to structure bolt. (Raw Data Tag 16429)

Load Washer 100 lbf or less Developed load in found. to structure bolt. (Raw Data Tag 16444)

Load Washer 100 lbf or less Developed load in found. to structure bolt. (Raw Data Tag 16436)

WLFS2

WLFS3

WLFS4

WLFN1

6

7

8

9

10

Load WasherWLFN2 100 lbf or less Developed load in found. to structure bolt. (Raw Data Tag 16432)

Load Washer 100 lbf or less Developed load in found. to structure bolt. (Raw Data Tag 16439)

Load Washer 100 lbf or less Developed load in found. to structure bolt. (Raw Data Tag 16434)

WLFN3

WLFN4

Location

Foundation north side.
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Large Component Test

Specimen C-2

C2-I6

Foundation north side.

Foundation north side.

Foundation north side.

Foundation south side.

Foundation south side.

Foundation south side.

Foundation south side.

Load Washer 100 lbf or less Developed load in found. to structure bolt. (Raw Data Tag 16435)

Load Washer 100 lbf or less Developed load in found. to structure bolt. (Raw Data Tag 16436)

WLFW1

WLFW2 Foundation west side.

Foundation west side.

11

12

20 kips

20 kips

20 kips

20 kips

20 kips

20 kips

20 kips

20 kips

20 kips

13

14

15

16

17

18

String PotSPRF1N 30" Reference Column

0.01" or better Vertical building deformation profile.

String PotSPRF2N 30" Reference Column

0.01" or better Vertical building deformation profile.

String PotSPRF3N 30" Reference Column

0.01" or better Vertical building deformation profile.

19

20

String PotSPRF1S 30" Reference Column

0.01" or better Vertical building deformation profile.

String PotSPRF2S 30" Reference Column

0.01" or better Vertical building deformation profile.

String PotSPRF3S 30" Reference Column

0.01" or better Vertical building deformation profile.
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11
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20

String Pot North wall.

0.01" or better Diagonal deformation in the superstructure wall.

String Pot North wall.

0.01" or better Diagonal deformation in the superstructure wall.

30"

30"

SPWF1N

SPWF2N

String Pot South wall.

0.01" or better Diagonal deformation in the superstructure wall.

String Pot South wall.

0.01" or better Diagonal deformation in the superstructure wall.

30"

30"

SPWF1S

SPWF2S

LTOP1 0.01" or better Out-of-plane deformation.

West Wall.String Pot

5"
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ls at west end
ifting off sill p

tom of plywo

and foundat

west wall fou

he foundation
d (bottom), wi
plaate (bottom

C
Pe

T

ood and 

tion (top 

undation 

n and 
with the 

m right) 

Cripple Wall 
eak Transient 
Target Drift 
Ratio (%) 

2.0% 

3.0% 

4.0% 

Hysteresis C

NA 

Curve 



Table C-3

Cripple W
Finish 
Materials 

3 Earthquak

Wall 

Damag

-Slip pr
-Wall u
-Buildin
and tea
-First an
expose
founda

ke Damage O

ge Description 

rogresses to a
plift at west e

ng paper deve
ars 
nd possibly o
d blocking on
tion sill plate 

Observations 

approx. 1/4-in
end 
elops tension 

nly split in 
n top of 

for Specime

nch 

field 

Sou

en B-1 - Cripp

Overal

uth wall, west
fields in bu

ple Wall Load

ll Pattern 

t end with ten
uilding paper 

d Path Conne

nsion 

Bu

ections 

Da

ilding paper w

C -

amage Appear

with tension f

 18 

rance 

Local A

fields and tear
west en

Appearance 

r (left top), sp
nd (bottom) 

plit in blockingg (right top), u

C
Pe

T

uplift at 

Cripple Wall 
eak Transient 
Target Drift 
Ratio (%) 

5.0% 

Hysteresis CCurve 



Table C-33 Earthquak

-Slip pr
-Uplift c
-Buildin
has occ
-Plywoo
rotate, 
nails inc
head pu

ke Damage O

rogresses up t
continues at w
ng paper buck
curred 
od panels are
observed wor
cluding withd
ull through 

Observations 

to about 3/8-
west end 
kling and tear

e observed to 
rking of plywo

drawal and pa

for Specime

-inch

ring 

ood 
arital 

South

en B-1 - Cripp

h wall, west en

ple Wall Load

nd  

d Path Conne

Sl
fou

ri

ections 

ip between to
undation sill p
ight), tearing 

Rotatio

C -

op plate and t
plate (top cen
and buckling 

n of plywood 

 19 

top of plywoo
nter), and betw

of building p

(center and
panels and w

od (left top), b
ween foundat
paper (left bot

d right bottom
withdrawal, pa

between botto
tion sill plate 
ttom), continu

m) 
artial pull thro

om of plywoo
and foundatio
ued west end 

ough of nails 

od and 
on (top 

d uplift 

6.0% 



Table C-33 Earthquak

- Slip u
plate an
betwee
bottom
approx.
sill plat
-Plywoo
framing
plywoo
withdra
thoroug

ke Damage O

p to 5/8-inch
nd top of plyw

en foundation
m of plywood, 
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E

Sh
i

ections 

East end wall 

heathing nails 
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sill plates are
moving free
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tely withdrawn
d (top) Sheat
sheathng is g

(left and cent
onnected (rig

n from the fra
hing nails at b
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C -
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 24 

ached from an

es of split eas
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lly detached f

e still fastened
 of the studs.

is substantia
ps or anchora
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eft top) 

due to 

13% 



Table C-33 Earthquak

-Plywoo
from fra
-Ancho
damage

-Plywoo
away fr
-East an
significa
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Table C-4

Wall Finis
Materials 

Exterior 
horizonta
wood 
(shiplap) 
siding, 
interior 
plaster on
wood lath

4 Earthquak

h 
Damag

l 

n 
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No crac
were ob
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-Poppin
excursio
and pu
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-Pucker
finish co
compre
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-Additio
was ver
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ke Damage O

ge Description 
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bserved prior 
. 

ng noises wer
on to 0.2% dr
ll directions. T

ponded to stu
s of doors and
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ring (buckling
oat was seen 
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on. 
onal cracking
ry limited follo
ement cycle. 
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r signs of dam
to the start o

re heard in fir
rift in both pu
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cco cracks fro

d windows in 

g) of the plast
in the 
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mage 
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om 
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ng 
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Pl

en C-1 - Supe

Overal

South wall at 

aster at north w
through south
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ll Pattern 
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wall window (s
h wall window
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ng

seen 
w) 

Pla

Exterior, Plas

Da

aster cracking

ster on Wood

C -
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 and spalling 
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Local A

of finish coat
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Appearance 

t at window o
openings 
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T

at door 

Wall Peak 
Transient 

Target Drift 
Ratio (%) 

0% 

0.2% 

Hysteresis CCurve 



Table C-4

Wall Finis
Materials 

4 Earthquak

h 
Damag

-Plaster
areas o
of debr
displace
-Cracks
widen. 
were m
-A verti
plaster 
wall, loc
-At obs
were se
wood la
debond

-Patche
keys are
place b
-Cracki
first hai
plaster 
-Out-of
back of
window
the plas
with the
during 

ke Damage O

ge Description 

r finish coat st
f pucker, crac

ris continued 
ement cycles.
s continued to
Cracks of up 

measured. 
ical gap open
and wall bott
cally disruptin
servation pock
een between p
ath (suggestin
ding of plaste

es of plaster s
e broken off a
etween wood
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irline cracking
is seen. 
f-plane gaps 
f plaster and w
ws and doors. 
ster face no lo
e plaster stop
plaster install

Observations 

tarted spallin
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through 
. 
o propagate a
to 0.035 inche

ned up betwee
tom plate at e
ng plaster. 
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plaster keys a
ng start of 
r). 
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and remain in
d lath boards.
to propagate

g of end wall 
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wood lath at 
This is seen a
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p that was flus
lation.  
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aster at north w
through south

ster at north w
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ll Pattern 
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P
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m
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spalling (left)
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spalling (left)
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bo

or 
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ove plaster st
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T

s (right 
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op and 
h (right 

Wall Peak 
Transient 
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0.4% 
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Hysteresis CCurve 
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Wall Finis
Materials 

4 Earthquak
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Damag

-Spallin
seen fa
-Cracks
widths 
Cracks 
become
foot on
cracking
shear w
-Plaster
in a num
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plaster 
impract
-Workin
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end and

ke Damage O
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classic shear-
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ween nail nea
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t
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ll Pattern 
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wall window (
h wall window
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w) 

Exterior, Plas

Da

ster cracking,
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Plaster cracki
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ster on Wood

C -
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se from wood
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window, 1/8‐i
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o end of sidin

bo

or 

Appearance 

d lath, with cl

way from wo

nch wide crac

ood lath (left 
ng board (righ
ottom) 

osely spaced

ood lath (right

ck below (righ

and middle, r
ht middle), pla

 diagonal cra

t top and mid

ht bottom) 
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aster debris (r

T

acks (left 
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(right 

Wall Peak 
Transient 

Target Drift 
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Hysteresis CCurve 
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Wall Finis
Materials 

4 Earthquak
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Damag

-Plaster
-Workin
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-Workin
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ng of siding n
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ng of siding n
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n lath boards. 
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e boards abo
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ve the slip are
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e installed ov
iding boards. 

T
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al slip 
ver and 
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Transient 

Target Drift 
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2.0% 
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Hysteresis CCurve 
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Materials 

4 Earthquak
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Damag

-Plaster
remain 
-As sidi
forming
and fra
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Wood l
spacing

ke Damage O

ge Description 
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in place. 

ing is worked
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, gaps start 
ck side of sid
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ll Pattern 
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h boards (left)
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Local A
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g although no
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), wood siding

or 

Appearance 

aster keys rem
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ot visible in th
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T
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Hysteresis CCurve 
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Materials 

4 Earthquak
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Damag

-Workin
nail wit
-Vertica
noted b
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occurs w
uplift, r
when lo
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-Wood 
-Siding
cracks i

ke Damage O

ge Description 
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oading directi

al gaps at doo
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Observations 
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all bottom pla
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are 
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Local A
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or 
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e and right). 
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 uplift off of w
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nd wall siding

wall bottom p
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g at floor line 

T
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en stud 
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Transient 

Target Drift 
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Table C-4

Wall Finis
Materials 

4 Earthquak
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Damag

-Siding
conditio
not sign
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progres
framing
horizon
Specim

-Siding
-Tensio
increase
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-Crack 

ke Damage O

ge Description 
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on and gap to
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on of siding b
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ntal lumber sh
en AL-1 

 performance
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uplift of wall s
in end wall sid

Observations 

 work, siding 
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iding boards, 
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w
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C
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boa
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Da
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Working of sid
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C -
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ding without s

n end of wall p

ch other (left 
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Local A

ng with little n

e in gap betw

significant vis

piers siding b

bottom), at t

bottom), crac

or 

Appearance 

noted degrad

ween siding an

sible damage 

oards are jus

ension end o

ck in end wal

ation of boar

nd framing. 

to siding or n

t getting nea

f wall piers ga

l siding has p

rds or nailing,

nailing (left to

r contact but

aps between 

rogressed (rig

C
Pe

T

, little 

op), at 

t not 

 siding 

ght top) 
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Target Drift 
Ratio (%) 

11% 

13% 
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Materials 

4 Earthquak

h 
Damag

-Siding
-Gap at
widens 
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ke Damage O

ge Description 

 performance
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boards are dam
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Observations 

e remains sim
ll siding crack

e remains sim
maged, pried 
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k 
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Overal
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ll Pattern 
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Wo

Wo
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C -
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g (left), dama
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age to siding a
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Appearance 
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est end wall (m
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C
Pe

T
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M
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Target Drift 
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Table C-5

Wall Finis
Materials 

Exterior 
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11) and
interior 
gypboard

5 Earthquak

h 
Damag

-
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-Cracki
joints

ke Damage O

ge Description 
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ng, spalling a
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for Specime

rt of 
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en C-2 - Supe
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erstructure w

ll Pattern 

th wall
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Da
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C -

amage Appear

xtent of crack
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Gypsum Wa

 36 
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Local A
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d balance of c
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rior 
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nt cracking at 
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T
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Wall Finis
Materials 

5 Earthquak

h 
Damag

-Gypbo
-Gypbo
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-Gypbo
deterio
-Gypbo
but are
-Nail he
gypboa
cracking
perimet
protrud
-Rotatio
panels 
the pan
No part
noted 

ke Damage O

ge Description 

oard cracking 
oard taped joi
ration 

oard taped joi
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oard corners s
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ead pops star
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ter, but nail h

ding 
on of the plyw
can be seen d
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ticular damag

Observations 
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start to fractu
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d the nail hea
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ng panel joint
ge or deterior
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Overal
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(r
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Da

Gypboard ex
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C -
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xtent of crack
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te with joint t

xtent of crack
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rance 
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at corner, nai
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t) gypboard jo
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m) 
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rd joints conti
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T
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butting 

Wall Peak 
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Target Drift 
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Table C-5

Wall Finis
Materials 

5 Earthquak

h 
Damag

-Uplift o
the sup
become
withdra
was obv
uplift. W
the bot
into be
heads c
withdra
-Rotatio
panels 
abuttin
-Gypbo
end wa
gypsum
global u
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visible t

-Uplift o
the sup
Gappin
bottom
loading
-Rotatio
panels 
abuttin
-Gypbo
locally i
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wall bo
nailer s
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of the wall bo
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awal of the bo
vious where l

When the load
ttom plate wa
aring, the bot
could be seen
awn 
on of the plyw
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g panels were

oard nails at th
lls were seen 

m as the end w
uplift, leaving

m at the wall b
tears of the g
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pporting 4x6 n
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m plate nails w
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g panels were

oard damage 
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g at the base o
ttom plate re
tarted to be n
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ottom plate o
nailer started 
t. Gapping an

ottom plate n
oading create
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as pushed bac
ttom plate na

n to have 

wood siding 
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e maintained 
he base of the
to gouge out

wall experienc
g piles of the 
base and som
ypboard pape

ottom plate o
nailer increase
awal of the 

was obvious w
ft 
wood siding 
oints between
e maintained 
was seen to 
clude fracture
of the wall of 
lative to the 4

noticed 

for Specime

ff of 
to 

nd 
ails 
ed 
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ck 
ail 
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e 
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ced 

me 
er 
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ed. 
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4x6 
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Pro

pl

gy
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C -
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king off at co
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 38

rance 

Local A

plate uplift an
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(right

om plate uplif
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n siding boar
door openin

llboard Inter

Appearance 

d nail withdra

nd nail gougin

t bottom) 

ft and nail wit
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rds (right mid
ng (right botto

rior 
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APPENDIX D Working Group 4: Post-Test 
Finish Removal and 
Observations 

Following completion of testing for each specimen, portions of the finish materials were 
selectively removed to allow detailed observations of the conditions underlying the materials and 
any hidden damage. This appendix provides a summary of those observations. The reader is 
reminded that the specimens were tested to very significant drift levels. In some instances, the 
drift at which observed behaviors occurred is known, while in others it is not known. The 
extreme level of displacement should be kept in mind when considering the observations that 
follow. 

D.1 Specimen AL-1 Observations

The following describes observations made at the conclusion of testing Specimen AL-1. 
Included are detailed observations from the interior of the crawlspace and from removal of select 
portions of the exterior stucco. 

D.1.1 Crawlspace Observations

While the crawlspace was overall substantially intact, the horizontal lumber sheathing could be 
seen to have pulled off of the framing in most locations. In many locations the sheathing boards 
were pulled one to 2 in. off of the face of the framing; in several instances, the lumber sheathing 
had completely detached, only held in place by surrounding framing and stucco. The prying off 
of the lumber sheathing resulted in gaps between the sheathing and studs, and varying spacing 
between the sheathing boards, which were initially installed with uniform gaps between boards; 
see Figure D.1. 

Crushing and gapping could be seen at the stud to foundation sill plate interface. Gapping 
seen at the end of testing was on the order of 1/8-in. maximum and tended to be over the full stud 
area. Crushing occurred under the edge of most studs, but was less than 1/16 in. deep. The 
crushing is thought to be a result of rocking of the studs rather than axial compression over the 
full stud area; see Figure D.2. 
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D.1.2 Stucco Removal Observations 

Stucco was removed to observe underlying conditions at the south-west corner of the test 
specimen, as seen in Figure D.4. The removal involved drilling a series of closely spaced holes, 
chipping stucco out with a chisel to expose the wire lath, and then cutting the lath. Using this 
method, each section of stucco was able to be removed substantially intact. At time of removal, 
the stucco furring nails were providing little or no attachment of the stucco to the underlying 
framing. 

The first section removed was the south end of the west-end wall, extending several feet 
up from the foundation. This panel showed that the building paper had been trapped in the 
bottom of the stucco. As a result, the building paper tore during panel removal and remained 
attached to the panel; it appeared the paper would have remained substantially intact had the 
panel not been removed. For this west-wall panel, the furring nails were almost exclusively 
withdrawn from the underlying sheathing. It is believed this is because the movement of the 
stucco during testing was out-of-plane relative to the sheathing below, thus pushing the stucco 
off of the sheathing and framing, and putting these nails in direct tension. The stucco was 
otherwise observed to be in good condition; see Figure D.5. 

Next, the west end of the south wall was removed from the foundation up by several feet. 
On this panel, the stucco furring nails almost exclusively had the head of the nail pulled out of 
the stucco, and the remaining nails were embedded in the sheathing; see Figure D.6. During 
testing, the cripple wall stucco began flaring out away from the foundation and framing. The 
flaring increased as the level of displacement increased, which is consistent with the observed 
pull out of the nail heads, and the stucco being forced to ride over the top of the nail heads. The 
widening flare from the bottom of the wall upward from the foundation indicates the increasing 
number of nails pulling out of the wall as the test progressed. 

At the end of testing, the building paper was seen to be in relatively good condition. 
Tearing of the paper had occurred at the corners, requiring that the stucco be removed as part of 
the repair and replacing the paper a possibility. In the field of the paper, there was little damage 
to observe. The nail holes through the building paper were observed to be slightly elongated; see 
Figure D.7. 
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the use of retrofit anchors required that Specimen B-1 be constructed inside out, with the shiplap 
exterior siding on the inside of the specimen and the cripple-wall retrofit on the exterior. 

D.3.1 Observed Conditions at End of Testing 

Overall photos of the specimen at the end of testing can be seen in Figures D.25 to D. 32 to F4.8. 
Following the final monotonic push to the west, the specimen was brought back to as close to 
vertical as possible, with some lean remaining. The cripple-wall shiplap siding (Figures D.31 and 
D.33) had little or no sign of damage in spite of the significant drift it experienced. In one 
location, there was light visible between siding boards, indicating that some shifting of the 
boards had occurred. 

At the east end, both 2  6 foundation sill plates split through their full 1-1/2-in. height, 
as seen in Figure D.33. The splitting resulted from out-of-plane leaning of the studs and the 
restraint provided by the retrofit anchor. As a result of the splitting of the foundatnoi sill plates, 
these anchors would no longer be able to provide in-plane shear capacity. Also at the east end of 
the north and south walls, the 2  4 blocks nailed to the 2  6 foundation sill plate had lifted up, 
with the face nails partially withdrawn. Some blocks lifted up more than 1-1/2 in. but others 
considerably less; see Figure D.34. At the west end, the studs rotated but the 2  6 foundation sill 
plates did not split. Local stud splitting occurred but was not of structural concern. 
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