AD=A086 738 SCIENTIFIC SERVICE INC REDWOOD CITY CA F/6 13/13
UPGRADING OF EXISTING STRUCTURES.(U)
JUN 80 B L GABRIELSENs R S TANSELYs 6 CUZNER DCPAO!-'IM-O!!I
INCL ASSTFTFN «7910=!

J »
b fu,




s

A ke
o fle2

22 it e




- B

Upgrading of Existing Structures

B
-
;

0
m .

o Phase I

0

Q 5

= FINAL REPORT

<<

‘ . ‘ Approved for public release; Contract. No. DCPAO1-79-C-0231
Work Unit 11276 j

] '\ g distribution unlimited
! t

z‘ . |
* . \ SCIENTIFIC SERVICE, NG




. Unclassified . _  ___
Yf HCul«ll(—L:\_&iiu ATiOw Ol TrHiY PAGE 1When Nare | ne nuh B ) e
REPORT DOCUMENTATION PAGE ) 1t tt)IRAFDr‘l(':\\ul‘r:J(T-lrv:gqr“(mn 1
3 T‘il'r?::::gwf—'j - 7 GOV1 ACCLISION NO| 3 RECIPIENT'S CATALGG wuuat @ |
; @ _S§hm~§. e :L)&ﬁo,%_lﬁﬁ_ e o4
¥ AT s ‘ vaom 5 #00 COVERED - ;
; e m——— Final Repert, -/ <21 S
; y .gPGRADING OF EXISTING STRUCTURES, > | A o “
3 - - ¢ PERFORMING ORG. HEFORT nuuetl
! ' _ PHASE II
! 175 - B I ~nugr OR GHANT NLNBERIS) ]
4 ; —
i Z B. L/Gabme]senteR S/fansley,“ '\_‘/le 79. C_0231//;’_ )
: ] G.{Cuzner ~
y 9. R ARITATION WAME AND ABDRFSS 7 "7 7T 7 T T30, PROGKAM ELEMENT PROJECT, YASK
i Scientific Service, Inc. > SRES B TOR un ovaems ]
‘ c1 'Y . N
517 East Bayshore, Redwood C1ty, CA 94063 | MWork Unit 1127G ]
11 CONIROLLING OF FICE NAME AND ADDRESS S —"’ff‘" T T T
w4 / JunE 80 .
4 Federal Emergency Management Agency a VAT sl /
4 Washington, DC 20472 192 /2 / ,
; 14 MONITOQING AGLNCV NAIIE l ll‘—ﬂl‘&(ll dllln.nl Inm Cone \Hrn‘ Olhr.) -lﬁ SI’CURIVV CL AS$ :‘l the o—— L
! Unclassified
5 gt CLASSIEICATION BORREALBING
| 6. DISTRIBUTION STATEMENT (of thia Reporty T T T T T
| Approved for public release; distribution unlimited
:; 17, DISTRIBUTION STATEMENT (of the aborract enterad in Bloch 20, if dificrent from Report)
’ ; 18 SUPPLEMENTZRY NOTES
5 :
g ‘ 19. XEY WORDS (Continue on reverae aide M nrtr:c;;—.r‘;d]d‘rn‘l‘l?y_;_l;l'g;—l—.n;:;;v). i - ]
#
: blast upgrading; Civil Defense; crisis relocation planning;
failure prediction; shelters
20. ABS.“U’ACT {Continve on :ev-u—n _udo i necessanry ;;v;_‘arnltly by block m....rT.)
This report presents the results of an investigation of blast
upgrading of existing structures, which consisted of developing
failure prediction methodologies for various structure types, both in
%as built? and in upgraded configurations, and verifying these pre-
diction techniques with full-scale load tests.
These upgrading schemes were developed for use as shelters in __—2Ebv424

DD , 5% 1473  coimion oF 1 nov 63 1s OBsOLETE csified
(Y3 CU.“'y c|_ Ass|v|cAY|o~ OF Yeis a’i'c.t (lli-;;- ﬁ;u—?;tnhn

7 ;7 , - / e

|
l




____Unclassified

SECURITY CLASSIFICATION OF This PAGE(NNen Nata Frierad)

Block 20: Abstract (contd)

support of Civil Defense crisis relocation planning. Structure types
investigated included wood, steel, and concrete floor and roof

systems.

The results of this study are being used in the development of
a shelter manual presenting the various upgrading concepts in an
illustrative workbook form for use in the field.

]

uttindl -

pstriwstionl e

_. . _Unclassified

CECURITY CLASSIFICATION GF THiS PAGE W en Dura bnicred)

e,

Asham s AR IAED. Nan A4 7 4 g et b

-




(DETACHABLE SUMMARY)

SSI 7910-5 Fina) Report Approved for public release; ]
June 1980 distribution unlimited

o N R TR

UPGRADING OF EXISTING STRUCTURES

ki

PHASE 11

by

B.L. Gabrielsen, R.S. Tansley, and G. Cuzner

A VR e 0 s AT M R B2 o

Tk .-

for

sl

Federal Emergency Management Agency ;
Washington, D.C. 20472

ey

Contract No. DCPAQ1-79-C-0231, Work Unit 1127G
Dr. Michael A. Pachuta, COTR

SRy
N T

FEMA REVIEW NOTICE:

B,

This report has been reviewed in the Federal Emergency Management
Agency and approved for publication. Approval does not signify
that the contents necessarily reflect the views and policies of
the Federal Emergency Management Agency.

Scientific Service, Inc.
517 East Bayshore, Redwood City, CA 94063 E

e, T SYIREPES A e o e s AT




P

T T T PR

(Detachable Summary)

UPGRADING OF EXISTING STRUCTURES
PHASE I1

The following is a summary to date of the work conducted and the re-

. sults obtained in the area of blast upgrading of existing structures. The

data obtained in this investigation will be used in the development of a
shelter manual presenting the various upgrading concepts in an illustrative
workbook form for use in the field.

The investigation of the blast upgrading of existing structures basi-
cally consisted of developing failure prediction methodologies for various
structure types, both in "as built" and in upgraded configurations, and
verifying these prediction techniques with full-scale load tests. The
analysis and prediction techniques were applied to wood, steel, and con-
crete roof and floor systems that had been loaded statically, dynamically,
and in combination. The prediction methodology is founded on engineering
mechanics, 1imit theory, and a statistical approach to failure analysis
that enable realistic assessment to be made of failure probabilities
based on the combined effects of statistical variation in materials, struc-
tural elements, and construction processes.

To date, Scientific Service, Inc., has conducted load tests to failure on
thirteen wood joist floors, three one-way reinforced concrete floors, and
four open-web steel joist floors with metal deck and structural concrete
topping. Each type of construction tested included a minimum of one base
case test; that is, "as built" without any upgrading. The additional
tests in each group incorporated various upgrading schemes appropriate to
the construction type.

Included in the wood joist floor tests were floors upgraded by single
and double shoring, flange, boxed beam, and king post truss upgrading methods.
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Upgraded concrete floors tested were single and double shored. The open-
web steel joist floor tests were also conducted with single and double
shores; however, the shoring was installed using a stress control concept.
A stress control shoring concept is a flexible type of shoring system,
which enables the stresses to be controlled Win the various portions of the
structure such that each structural member can achieve its maximum capa-
bility. Each of the above tests was evaluated with respect to its predict-
ed failure and the actual results, and the analysis to date indicates
significant correlation. ‘

A preliminary survival matrix for floors is presented in Table 1.
This matrix indicates the overoressure, in psi, at which 95% of the floor
systems are better than the rating provided; i.e., it has been assumed that
a 5% probability of collapse is an acceptable risk level. The test values
obtained from this investigation are entered on the matrix in (italics).

The survival overpressures indicated for the various types of construc-
tions were determined by assuming the dead loads (load of structure itself)
and increasing the design live loads by the safety factors required for
the design, as outlined in the applicable codes, for the particular con-
struction considered. The "as built" survival overpressure considers the

floor "as is" with no superimposed 1ive loads, but with all safety factors
removed.

The basic construction type groups are further divided into categories
of 1ight, medium, and heavy. These categories are based on the allowable

live loads for types of occupancy, as specified in the building codes, and
are defined as follows:

Light 40 to 60 psf
Medium 80 to 125 psf
Heavy 150 to 250 psf

Although the overpressure values indicated do not consider any super-
imposed 1ive loads, it is assumed that some radiation protection would be

2




TABLE 1: PRELIMINARY SURVIVAL MATRIX FOR FLOORS

Overpressure at Which 95% of Floors Will Survive
"As Built" and With Various Types of Shoring. All values in psi.

Shoring Required

Type of Floor As King-
Construction Mid- 1/3 174 Post Flange Boxed
and Dead Load Built Span Span Span Truss Beam
WO0D — D.L. = 20 psf .5 14 ’4 17 17 .
+ . 11. - . . . ]
Light — Joist, Glulam* (0.4) (6.8) (9.2) (2.6)  (1.7)  (2.2p*
Medium — Joist, Glulam 1.5 9.2 21.9 -~ 5.3 4.0 4.0 i
Heavy — Plank 3.8 18.4 42,7 — 1.1 - - |
!
STEEL, LIGHT — D.L. = 30 psf f
Light — Open-Web Joist + 0.6 2.1 — 1.0 - -
: . 0.5 1.8 4.5 — 2.5 - - !
i Medium — Open-Web Joist (0.6) (3.6) (7.5) .
1 STEEL, HEAVY — D.L. = 80 psf
H Light — Beam and Slab 0.2 3.1 7.9 - - - -
5 Medium — Beam and Slab 0.9 5.6 13.4 24.3 — - -
! Heavy — Beam and Slab 2.0 10.3 24.0 43.2

CONCRETE - D.L. = 100 psf

Light — Double Tee, One-Way
Joist, Hollow Core  0-7 4.9 11.8

) Light — Flat Slab, Flat Plate 1.0 5.2 12.2 21.9 — - -
\ Light — Waffle Slab 0.7 4.9 11.8 21.5 — - -

Medium — Double Tee, Ome-Way
Joist, Hollow Core 14 7.6 180 —  — _ _

Medium — Flat Slab, Flat
Plate 1.7 8.0 18.4 33.0 - — —

Medium - Waffle Slab 1.4 7.6 18.0 32.6 - - -

Heavy — Double Tee, One-Way

\BA" = e R A U S NN, e g 7 e 1 i

e

Heavy — Flat Stab, Flat 3.1 13.5 30.9 55.2 — - -
Plate (5.6) (17.4) (35.9) *x
Heavy — Waffle Slab 3.0 13.4 30.7 55.0 - —_— -

Note: Overpressure values assume radiation protection equal to a Pe of 100 (18 in. of
earth or equivalent) superimposed on floor. Assumed density' of earth = 100 pcf.

* Glulam not tested. + - Required radiation protection (Pf = 100)
would cause floor to collapse

** Figures in (italics) are tested values reduced for the radiation protection.
3
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required. Accordingly, the survival overpressures included the fallout
radiation protection necessary to achieve a protection factor (Pf) of 100;
i.e., 18 inches of earth (assumed density = 100 pcf) or other materials of
comparable density. The weight of this radiation protection has been de-
ducted from the survival overpressure when the floor is in both the shored
and the "as built" configurations. The test values (italics) have also
been reduced for comparison purposes to include this radiation protection.

The midspan, one-third span, and one-quarter span shoring may be lines
of shoring, such as posts and beams or stud walls, placed transverse to
one-way structural systems (open-web joists, double tees, etc.), or it may
be post shores, located symmetrically under two-way structural systems
(f1at slabs, waffle slab, etc.). The king post truss shoring consists
basically of cables or rods secured parallel to joists or beams and ten-
sioned to form a king post truss configuration. The flange system con-
sists of attaching bottom flanges to wood joists, while the boxed beam
system involves "boxing" in the entire ceiling system (wood joists) by
attaching a plywood diaphragm, secured to the joists, under the entire
ceiling.

The methodology developed in the above and in future programs.promises
to provide a potent analytical tool for quantitative assessment of failure
loads before and after upgrading.

i
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Section 1 ;
INTRODUCTION

BACKGROUND

Civil Defense planning in the United States is currently based on a
policy termed "Crisis Relocation." This policy presumes that a period of
crisis buildup in the world — similar to the Cuban and Iranian crises —
will precede any future major war. This period of crisis would aliow
time - a few days or weeks — to complete a number of activities to pro- 1
tect the civilian population and industry from attack. These activities
include:

(1) Evacuation of the major portion of the population to
low-risk areas where only fallout and possibly low-level
blast protection would be required;

Protection of a small contingent of key workers who would
remain behind to maintain vital services — communications,
fire protection, etc.; and

(3) The hardening and protection of industry.

This establishes three zones of interest with regard to combined
weapons effects, as noted in Figure 1-1. These are: the key worker
area (Class I shelter rating), where protection from blast overpressures
greater than 30 psi, initial radiation, fire, and heavy fallout will be
required; the risk area (Classes II - V shelter ratings), which will

most likely be evacuated, but will contain most of the industry reouir-
ing protection; and the host area (Class VI shelter rating), which will

contain the evacuated population that must be protected from low-level
blast (2 psi or less) and fallout. This suggests the necessity for
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not only determining the as-built failure strength of structural systems
but also developing a range of upgrading techniques covering the various
classes of sheltering required.

Scientific Service, Inc., is conducting three interrelated programs
in support of crisis relocation planning. These programs, which are
sponsored by the Federal Emergency Management Agency (formerly the Defense
Civil Preparedness Agency), include: The development and testing of an
Industrial Hardening Manual (Work Unit 1124D); the development of a Shel-
ter Manual for Key Worker and Host Areas (Work Unit 1127H); and this pro-
gram entitled Upgrading of Existing Structures (Work Unit 1127G).

The primary objective of this program is to develop upgrading schemes
for input to the two manuals. The approach is to make use of analytical
work and the results of standard or specially designed static tests to
predict dynamic behavior and develop failure criteria. Using this approach
it has been possible to conduct a relatively small number of tests and
use the results to predict the failure strength of a wide variety of
structural types, both as-built and upgraded.

It should be noted that, while the emphasis in these programs has been
directed to nuclear blast problems, the results and knowledge gained have
and will become even more valuable to the problem of designing buildings
to resist the forces of natural phenomena such as earthquakes, hurricanes,
and tornadoes.

REPORT ORGANIZATION

This report presents the results of Phase II of a program to develop
criteria for upgrading of existing structures. The Phase I report (Ref. 1)
contains much of the backup material and preliminary test data necessary
to the understanding of the results of the program conducted this year.

To prevent the necessity of undue reference to the Phase I report, much
of that material has been condensed and included in this report.

1-3




The remainder of this report is organized as follows:

Section

Section

Section

Section

Section

Appendix

Appendix

Appendix

Appendix

2 — Open-Web Steel Joists

3 — Concrete Floor Tests

4 -— Wood Floor Tests

5 -- Summary

6 -- References

A -— Wood Design

B - Small-Scale Drop Test Program

C — Arching in Soils

D --- Resistance Characteristics of Existing Slab Structures

1-4
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Section 2
OPEN-WEB STEEL JOISTS

INTRODUCTION

The emphasis in this program has been concentrated on predicting the
behavior of upgrading techniques for floor and roof systems constructed
with open-web steel joists. This type of construction is economical and
widely used for roofs and 1ight and medium loaded (up to 125 psf) floors
where the clear spans are short or intermediate in length. The predictions
formulated in this program are based on conventional truss analysis, and
are validated by laboratory tests and data from other sources, such as
the Waterways Experiment Station (Ref. 2). By using the approach of al-
ternating laboratory tests with data review and prediction analysis, and
then modifying the subsequent laboratory test to take advantage of the
previous analysis, it will be possible to predict the behavior of the
majority of these system types with a minimum of future full-scale test-
ing. Three tests were conducted during this year's effort, and it is
anticipated that one or two more will be required next year.

Open-web steel joists basically consist of top and bottom chords
made up of either two light angles, two bars, or a tee, and web members
made from a continuous round bar bent back and forth between the chords
(to form the diagonals) and welded to the chords. The joists used in this

program were type 18H8 (Ref. 3) and consisted of two back-to-back angles
forming each chord (see Figure 2-1).

Under normal service conditions, the top chords of open-web steel
joists are subjected to axial compression and are restrained laterally
by the floor slab or roof deck above. The bottom chords are subjected
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to axial tension. The web members develop both tension and compression,
with compression being the most critical because of the slenderness of the
member. The mode of failure for a given joist is a function of the span
and loading.

One effective method of upgrading open-web steel joists is shoring.
However, since the joist webs are designed to carry specific types of
loads (compression or tension), a normal shoring configuration - i.e., the
shores rigid against the bottom of the joists - results in a reversal of
the intended stresses at the point of shore support and causes premature
failure. This failure occurs when chord members designed for tension are
subjected to compression, thereby causing buckling. 1In order to avoid
this stress reversal, a method known as “stress control" is utilized in
the shoring system. Using this approach, the stresses can be controlled
in the various portions of the structure such that each portion of the
structure can achieve near its maximum capability, and the system's load-
carrying capacity is increased. In Ref. 1 it was shown that, by using
shores or supports with a gap, the stresses in the members can indeed be
controlled. For example, by allowing the proper gap, the lower chord can
be prevented from gcing into compression. This is very desirable in a
structure such as a roof or floor system supported by joists, as the lower
chords usually have a minimum of lateral bracing.

MODEL SELECTION
The 18H8 joist was chosen for this program because of its common use

in construction. Although this use extends to several lengths, a 20-foot
span was chosen so that only one row of bridging would be required in order

§ to be consistent with Steel Joist Institute recommendations. Accordingly,
" the selected joist and span combination represents an upper bound for maxi- :
E
mum unbraced length, and a lower bound for the compressive strength. ;
3
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MODEL ANALYSIS

The analysis used to predict the performance of open-web steel joists
was based on the following assumptions:

1) All compression members analyzed have pinned connections
at each end; i.e., the effective unbraced length is equal
to the actual unbraced length.

2) Calculated safe loads in Table 2-1 are the loads at which
an allowable stress was reached in any of the joist members.
Additionally, the calculated safe load in the shored config-
uration was determined at a specified deflection consistent
with the stress control gap.

Two cases were analyzed. In Case MNo. 1 the joists are simply sup-
ported, and in Case No. 2 the joists are simply supported with a single
shore located at midspan. Figure 2-2 indicates the maximum allowable
compressive stress for each member. The buckling load for the top chord
members was assumed to be lateral buckling of the length between webs.
For the bottom chord, lateral buckling of the entire unbraced length con-
trolled — in this case, one half the length of the bottom chord since it
is laterally braced at midspan. These values are code allowables* and
the ultimate strength is defined as 1.8 times the allowable (Ref. 2).

The allowable compressive stresses given for the bottom chord members
are based on a Ki/r ratio of 233, where K is the effective length factor**
(K =2.10 in this case), i is the unbraced length (: = 98 in.), and r is

the radius of gyration of the lower chord about the vertical axis (r =
0.883 in.). The web members were analyzed using a K factor of 1.0.

* AISC pg 5-17, Section 1.5.1.3.2 (Ref. 3).

** AISC pg 5-138, Table C 1.8.1, Fig. (e) (Ref. 3).
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20 FT. SPAN )

ALLOWABLE STRESSES PER AlsC”

5400
MAXIMUM _ —
ALLOWABLE. ! @ ‘8 Q) i
REACTION |
ALLOWABLE TENSILE STRESS = 30 KSI FOR ALL MEMBERS !
(-) ALLOWABLE COMFRESSIVE. STRESS (K3l) INDICATED BELOW
7 -24.2 ~-ze. ~22.@ -Z2.0 -22.6
] \ \ \ \
t S 7 N &N
., ® o7 o O ¥ 7
Py / /
s Tz -2.71 —2.71 27
i !
| NOTE: BOTTOM CHORD COMPRESSIVE STRESSES ARE.
E GOVERNED BY LATERAL BUKUNG ALONG
] FULL LENGTH.
’ * AISC, pg. 5-16, Section 1.5 (Ref. 3)
i
‘
i
Fig. 2-2. Analysis of 18H8, Open-Web Joist. é
i
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Case No. 1 - Simply supported at ends

Figure 2-3 shows the member stresses in the joist with its calculated
safe load of 441 plif applied. In all cases, web buckling controls.

Case No. 2 — Simply supported at the ends and shored at midspan

Three shoring conditions were considered, all with the shores at
midspan, but with varying amounts of deflection permitted:

Case No. 2 - Rigid shore (no deflection permitted)

Case No. 2a - Shore allowing 1/8 in. deflection.

Case No. 2b -- Shore allowing 1/4 in. deflection.

The member stresses for Case No. 2, the rigid shore, are shown in
Figure 2-4. The analysis indicates that a web member buckles initially
near midspan, and that the lower chord member at midspan is approaching
failure. Case No. 2a, with an allowable 1/8-in. deflection at the shore
and an increase in applied load, indicates the lewer chord remains in ten-
sion throughout its length (see Figure 2-5). In Case No. 2b additional
load is applied and a deflection of 1/4 in. at the shore is allowed.
the lTower chord remains in tension throughout its length (Figure 2-6).

Again,

Table 2-1 tabulates the analysis for each case, indicating the cal-
culated safe and ultimate loads, the predicted type of failure, and the
percent increase in load carrying capacity over the base case (no shoring).
The ulitmate load was taken as 1.8 times the allowable since the modes of
failure are predicted as buckling. Also included in the table are Cases
No. 3, 3a, and 3b — shores at third points.

A review of the data in Table 2-1 would indicate that there exists
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§ Fig. 2-3. Analysis of 18H8, Open-Web Joist at Calculated Safe Load
(W = 441 pif).
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Fig. 2-4. Analysis of 18H8, Open-Web Joist with Rigid Mid-Point Shore
(W = 425 pif).




20 FT. SPAN
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Fig. 2-5. Case No. 2A: Analysis of 20-ft 18H8, Open-Web Joist with Mid-
Point Shore — 1/8-in. Gap (W = 615 pif).
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Fig. 2-6. Case No. 2B: Analysis of 20-ft 18H8, Open-Web Joist with Mid- ; ‘
Point Shore — 1/4-in. Gap (W = 805 plfg. '
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an upper bound for the permitted gap; i.e., the deflection permitted prior
to shoring. Beyond this point the stress control approach is no longer

as effective, and with larger permitted deflections, the predicted fail-
ure approaches the base case, or the unshored condition. This is simply
a case of the joist's failing before it can deflect enough to take advan-
tage of the shores. A leveling out of the effect of stress control may

be seen in Cases No. 3a and 3b (Table 2-1). It is important that this
upper bound gap be determined for each shoring condition, and we intend

to include this as part of next year's program.

DESCRIPTION OF TEST SAMPLE

The remainder of this section presents the construction details, test
geometry, data plots, and results of tests on composite decks consisting
of open-web steel joists, supporting metal deck, and topped with structural
concrete. The composite floor system used for these tests was selected
as being a representative sample of commercially produced decks in the
United States. Since the stress control approach affects the joist per-
formance only, joist spacing modifications were made to facilitate testing.

The test assemblies had an overall dimension of 6 ft by 20 ft, and
consisted of three open-web steel joists (18H8), spaced 2 ft on center,
supporting VERCO, Type B-30, FORMLOK™, 1% in. deep, 22-gauge fluted
metal deck with a 3%-in. maximum depth concrete topping. The concrete
topping was 2 in. in depth above the flutes and was reinforced with 6 x 6
W1.4 x W1.4 welded wire fabric. The concrete strength exceeded 4,000 psi
at 28 days. The metal deck was attached to the joists with plug welds,
in accordance with the manufacturer's recommendations.

Photographs of the test assemblies under construction are shown in
Figures 2-7 and 2-8, and details are shown in Figure 2-9.

Three tests were conducted using this design. Test No. 1, or the base
case, was conducted without any shoring or upgrading modification and

was not loaded to failure. Test No. 2 was conducted on the same assembly,
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Fig. 2-7.

Test Assembly Under Construction.
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Fig. 2-8.

.

Test Assembly Under Construction.
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Fig. 2-9. Construction Details.
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which was upgraded by shoring at midspan with a 1/4-in. stress control
gap between the top of the shores and the joists. For Test No. 3 the
assembly was upgraded by shoring at the third points with a 1/4-in. gap
between the top of the shores and the joists. This test was conducted at
the end of the program, and the only preliminary data available are the
failure load of 3595 plf per joist.

Test No. 1

Loading to the test specimen was applied by hydraulic rams at eight
locations, spaced equally along the length of the test sample in order to
simulate, as closely as possible, uniform loading. The load configuration
is shown in Figure 2-10C.

The load was applied at a slow rate in 2,500 Tb/ram increments with
deflection and strain data recorded at each load increment. The test was
terminated when the load reached 1.35 times the calculated safe load of
441 p1f per joist, or 595 plf. Since this assembly was to be used in
Test No. 2, it was decided not to load beyond that point, in order to pre-
serve the integrity of the assembly. The ultimate load was predicted to
be 794 plf, or 1.8 times the safe load ( see Table 2-1). A plot
of the load per joist vs midspan deflection for Test No. 1 is shown in
Figure 2-11. Also on Figure 2-11 is the predicted curve up to the safe
load of 441 plf. A review of these data indicates that the actual test
assembly was somewhat stiffer than the predicted model. This would be
expected because of the analysis assumptions used for the predictions.

Test No. 2

For this test, shoring was installed at midspan. A 1/4-in. stress
control gap was left between the top of the shore and the joists. See 4
Figures 2-12, 2-13, and 2-14 for shoring details.

Strain gauges were applied on member (EE) on the two outside joists
and were applied to member (EE)on all three joists. See Figure 2-2 for

member designations.
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Fig. 2-12. Shoring Details, Test No. 2.
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Fig. 2-13, Shoring Details, Test No. 2.
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The loads were applied and the data recorded as in Test No. 1 above.
In this test the assembly was loaded to failure, which occurred when the
load on the joists reached 1,926 pl1f, or 4.37 times the calculated safe
load. Failure occurred when web member (ié) buckled on all three joists.
This buckling failure was immediately followed by multiple failure of the
shoring system. Photographs of the assembly and shoring after test are
shown in Figures 2-15, 2-16, and 2-17.

A plot of the load per joist vs the midspan deflection (over shores)
is shown in Figure 2-18. Ideally, the assembly should deflect at midspan
as a simple span until the stress control gap is eliminated (1/4 in. in
this case). At that point, there should be discontinuity in the load vs
deflection graph, as the stiffness now becomes a function of the axial
load on the shores, instead of simple span bending. In the actual test
(see Figure 2-18) there was deflection until the stress control gap was
eliminated (0.25 in.). At or near this point, bearing failure of the
shores began to occur. As the load continued to increase, the bearing
strength of the horizontal portion of the timber shores increased due to
the fact that, where there are short bearing areas, such as in this case,
the surface fibers act as suspension cables in tension and thus reduce
the compressive load on other fibers near the surface of the timber (Ref. 4).
As the load increases, the bearing is again distributed equally, and the
bearing strength of timber is again reduced to its original value. Fig-
ure 2-18 reflects these three discontinuities or changes in slope.

Also indicated on Figure 2-18 is the point at which web member (::)
reached the predicted allowable compression of 10.2 ksi (buckling con-
trolling) as shown in Figure 2-2. This stresswould occur at a joist Toad
of 554 p1f and a deflection of 0.318 in.
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Fig. 2-15. Posttest Photographs, Open-¥eb Joist Test No. 2.
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Fig. 2-16. Posttest Photographs, Open-Web Joist Test No. 2.
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Fig. 2-17. Posttest Photograph., Open-Web Joist Test No. 2.
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Figure 2-19 is a plot of the stress in web member (EE) for two joists
vs joist load. Figure 2-20 is a plot of the stress in web member (::) for
all three joists vs joist load. Note that member (::) is in tension early
in the test and goes into compression prior to failure. This is consist-

ent with the prediction analysis shown in Figures 2-3 and 2-6.

An undamaged web member was removed from the test assembly after test-
ing in order to confirm the 50,000 psi yield stress of the material. The
member was loaded to failure, and a plot of the load vs elongation is given
on Figure 2-21. A vhotograph of the failed specimen is shown in Figure 2-22. Q
The test resuits indicate a computed yield stress of 48,500 to 50,500 psi. '
The curve on Figure 2-21 exhibits a short yield range prior to strain hard-
ening, indicating a low degree of ductility. A discussion of the relation- %

- ship of the ductility in steel to hlast resistance was presented in Ref. 1. }
i
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