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SUMMARY

I. Title

Development of structural design method for glulam structures and evaluation

of fire-resistance of glulam

IO. Objectives

In our country, around 65% of land is forest area but more than 95% of
raw material for wood industry is imported from foreign countries. So far,
large diameter trees are small in number in forest area of our country and
most trees have age of 20~30 years and small in diameter. Therefore, small
logs have limited usage for creation of economic values through processing
and manufacturing.

Glulam is one of the good value-added industrial fields that can use
relatively low grade timber having small diameter, and related industry is
expected to be fully developed in the near future. Development of glulam
manufacturing industry utilizing domestic timber related directly to increase of
income of land owners, development of wood processing industry, and
activation of construction industry utilizing glulam.

Glulam has various usages in the view point of culture and heritage. For
example, there were problems related to check in rafters and shear failure in
hip rafters when remodeling KyoungBok-Kung. These checked and
shear—failed members had very large dimension and could not be replaced by

solid timber because such a large size cannot be manufactured by domestic
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wood. In this case, glulam can be a good alternative because it can be
manufactured from small domestic timber and has very stiff and strong
properties.

When manufacturing glulam, dried laminations are used. Thus, there is
little problem related to drying and shrinkage in glulam. Most of domestic
wood is small but these small wood can be used to manufacture large glulam
members. It is no problem manufacturing curved glulam members and
glulam having varying cross section. Therefore, it may be a better way of
preserving out traditions and spiritual meaning of our ancestors to use glulam
manufactured from domestic small timber rather than using imported large
solid timber.

Everybody knows about the fact that wood is burning and is not willing to
use wood for structural materials because he is afraid of damage or collapse
of building due to fire. However, wood has very low thermal conductivity,
and interior keeps low temperature and usual strength for quite long time
even though exterior is charred because of fire. Therefore, wood structures
are safer than steel structures under fire. It is general practice to increase
the required cross sectional dimension for fire safety in heavy timber
construction using glulam members.

However, such a design for fire-safety is closely related to charring rate of
wood and thermal conductivity of wood. So, research on these subjects are
required before applying such a practice to structural design. In our country,
there has no research or test on fire-resistance of glulam and no basic
direction or specification has been established for fire-safety design of glulam
structures.

Glulam is one of the very important structural materials because it can

- 17 -



solve the limit on dimension and structural performance of wood by removing
growing characteristics and drying defects of wood. Activation of heavy
timber construction means not only development of related market and wood
industries but also improvement of negative thought that people have about
wood, and it can give a chance to recognize wood as a new and very
desirable material for people.

To use glulam as a structural material for large scale building, problems
related to structural design shall be solved first. At the present time, all the
structural design methods used in our country deal with design of concrete
and steel structures and do not have any function to perform structural
design of wood buildings. Therefore, structural design method for wood
building shall be developed first to secure safety of wood structures.
Structural design of glulam buildings shall be based on performance of joints
and connections. And adjustment factors applied to calculate allowable
properties of glulam shall be exactly defined.

Next is to solve problems related to fire-resistance of glulam, which means
to obtain the official recognition of fire-resistance if glualm through standard
formulation and Building Code revision. In this study, proposal for KS on
fire-resistance of glulam is formulated and will be submitted to Korea
Institute of Technology and Standard to get approval as an official KS.

This study is composed of two subjects such as development of structural
design method for glulam and evaluation of fire-resistance of glulam. The
method of testing double shear of fastener joints that was developed in this
study has been formulated to a KS and obtained an approval as KS F 2153.
Structural performance of glulam members containing joints have been

evaluated, and structural design methods for glulam portal frames and arches
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were developed. Adjustment factors applied to obtain allowable properties of
glulam have been defined and the method of applying those factors to
structural calculation have been established. These results related to
adjustment factors will be written as a proposal for KS and submitted for
approval.

For evaluation of fire-resistance of glulam, glulam beams of various
dimensions were tested. Glulam beams, columns and beams with joints were
also tested to obtain fire-resistance data. For connections in glulam beams,
the method of improving fire-resistance have been developed and the
effectiveness of those method have been tested. From the results of the
study, a proposal for KS on fire-resistance of glulam have been formulated

and will be submitted to obtain official approval.

IMl. Research content and scope

1. Section A

In this Section, research have been focused on development of structural
design method that can be applied to glulam structures. Bolt joints and
glulam beams with joints at center were tested to obtain basic data for
structural performance of connection systems. And various structural design
method were developed for glulam structures, and adjustment factors

applicable to glulam were defined.

a. 1st year
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- Evaluation of structural performance of joints

b. 2nd year

- Evaluation of structural performance of moment resisting connections

c. 3rd year
- Evaluation of glulam members with joints at center and development of

structural design method for glulam structures

2. Section B

In this Section, research has been focused to evaluation of fire-resistance of
glulam and connections. Glulam beams and columns, and fastener jointed
members were tested for fire-resistance, and various method have been
developed to improve fire-resistance of joints and their fire-resistance have

been evaluated.

a. 1st year

- Evaluation of fire-resistance of glulam beams
b. 2nd year
- Evaluation of fire-resistance of glulam columns and beams with

mechanical joints

c. 3rd year

- Improvement of fire-resistance of glulam beams with mechanical joints
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IV. Results and application

1. Section A

In the 1st year, double shear tests for bolt joints were performed to obtain
basic data for structural design. In the 2nd year, connections between glulam
members were tested for moment resistance, shear strength, and bending
performance. In the 3rd year, glulam beams with mechanical joints that were
developed to improve fire-resistance were tested and structural design method

for glulam structures were developed.

a. Summary of the research results for the 1st year

1) Basic data for shear performance of bolt joints were obtained by
performing double shear tests of bolt joint having various combinations of
species, bolt diameters, relationship between grain direction and load direction,
and kind of main and side members.

2) Method of shear test for joint that have been developed in this study have
been established as KS F 2153.

3) Stiffness and strength of bolt joints increased as diameter of bolt
increased.

4) Stiffness and strength of bolt joint made of larch and Douglas—fir were
similar to each other and bolt joints made of red pine showed slightly lower
values.

5) Bolt joints between wood and steel plate were stronger than bolt joints
between wood and wood.

6) Bolt joints with steel main members showed higher joint moduli, and
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lower strength than bolt joints with steel side members.
7) In bolt joints between wood and wood, joints with grain parallel to loading
for main and side members were strongest and joints with grain

perpendicular to loading for main and side members were weakest.

b. Summary of the research results for the 2nd year

1) Load-displacement diagrams for glulam beams with joints showed irregular
shape than those of glulam beams without joints.

2) For glulam beams with joints at center, MOE was 34~65% and MOR was
27~79% of those for glulam beams without joints.

3) MOE and MOR of glulam beams with nailed plywood gusset joint at
center showed highest values among glulam beams with joints.

4) MOE was lowest for glulam beam with separated steel plate and bolt joint
at center and MOR was lowest for glulam beam with glued-in rod joint at
center.

5) Glulam beams with separated steel pate and bolt joint, and with top and
bottom steel plate and lag screw joint showed low MOE but their MOR were
relatively high.

6) Glulam beam with glued-in rod joint hjad problem in manufacturing
process and showed low MOE and MOR.

7) In all the glulam beams with joints, failure was developed by widening of
joint and vertical breakage of plywood was observed for glulam beam with
nailed plywood gusset joint.

8) Moment-resistance of bolt joint with steel plate and spoon tie was two
times higher than that of reinforced hanger joint.

9) Load-displacement diagram of reinforced hanger joint showed clear yield
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point but it was not clear for bolt joint with steel plate and spoon tie.

10) In reinforced hanger joint, hanger connector was separated from wood as
displacement increased.

11) In the testing of bolt joints with steel plate and spoon tie under cyclic
loads, envelop curves for the 1st, 2nd and 3rd cycles were very close to each
other and almost linear.

12) Failures in moment-resisting joints were mostly caused by deformation of
fasteners and connectors, compressive deformation perpendicular to grain in
wood under steel.

13) In shear tests of joints, there is no difference between bolt and lag screw
joints.

14) In hanger joints, spacing between bolts used to anchor connector to wood

had no effect on shear performance.

c. Summary of the research results for the 3rd year

1) To improve fire-resistance of joint, two methods such as coating of
fire-resisting paint on exposed steel and wood covering for steel can be
employed.

2) Jointed members developed for improvement of fire-resistance 51~97% of
MOE and 18~70% of MOR compared to members without joint.

3) Glulam beams with bolted steel gusset joint, and top and bottom steel
plate and lag screw joint showed relatively high initial stiffness.

4) Glulam beams with bolted steel gusset joint, top and bottom steel plate
and lag screw joint, and separated steel plate and bolt joint showed relatively
high MOR, which is around 60~70% of MOR for glulam beams without joint.

5) For glulam beams with Rahmen connector joints, MOE was relatively high
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but MOR was very low.

6) For glulam beams with tension bolt joint, MOE and MOR were very low.
7) For glulam beams with bolted steel gusset joint, failure was developed
along the bolt row located at both ends of joint.

8) For all glulam beams with joints, widening of joint was observed as load
increased.

9) For glulam beams with tension bolt joint, load transmitted through tension
bolts was concentrated on small area under washer, and deformation was
developed by crushing of wood under washers.

10) For structural analysis of glulam structures forming rigid frame, both of
portal and cantilever analysis methods can be applied.

11) For structural analysis of complicated glulam structures, structural
analysis for steel structures in commercial softwares for structural design can
be applied.

12) After analysing glulam structures by application of software, structiral

design can be performed by hand calculations.

2. Section B

In Section B, glulam beams were tested to evaluate fire-resistance and to
check conditions required to satisfy 1 hour fire-resistance for glulam in the
Ist year. In the 2nd year, fire-resistance of glulam columns and glulam
beams with joints were evaluated. In the 3rd year, glulam beams with joints

developed for improved fire-resistance were tested.
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a. Summary of the research results for the 1st year

1) Under fire, deflection and deflection rate of glulam beams increased very
fast as time passed.

2) Temperature at 15mm and 30mm depth reached 400TC, that is considered
to be charring temperature of wood, after around 20 and 40 minutes of
burning, respectively.

3) After burning for 1 hour, temperature at 45mm and 60mm depth did not
reach charring temperature, which means there is still sound wood at that
depth after 1 hour of burning.

4) All the glulam beams with 130mm width and part of glulam beams with
150mm width failed for 1 hour fire-resistance, and all the glulam beams with
170mm width satisfied 1 hour fie-resistance requirements.

5) Charring depth after fire-resistance tests for 1 hour was 40mm for larch
and Douglas—fir glulam and 45mm for red pine glulam.

6) Average charring rate was 0.60mm/min for larch and Douglas—fir and
0.65mm/min for red pine.

7) To satisfy 1 hour fire-resistance requirements, minimum 150mm width and
250mm depth are required.

8) Thermal conductivity for glulam increased as specific gravity of wood
increased.

9) Red pine with low specific gravity showed low thermal conductivity and

high charring rate compared to larch with high specific gravity.

b. Summary of the research results for the 2nd year

1) All the glulam beams with joints failed within 5~28 minutes of burning

and did not satisfied 1-hour fire-resistance requirements.
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2) Fire-resisting paint was not applied to exposed steel parts, and steel
fasteners and connectors were easily weaken under fire and experienced
abrupt failures.

3) For glulam beams with nailed plywood gusset joint, thin plywood exposed
to fire was burnt very fast and failed in 5 minutes after burning.

4) Fire-resistance of glulam beams with joints was lower than expected, and,
thus, methods to improve fire-resistance of such members shall be developed.
5) Total burning time for each glulam beam was too short to calculate
average charring rate.

6) Interior temperature did not reach charring temperature except 15mm
depth, because all the specimens failed too fast.

7) Glue line did not affect thermal conductivity.

8) All the glulam columns satisfied 1 hour fire-resistance requirements.

9) Average charring rate for glulam columns were similar to that for glulam
beams.

10) Deformation and deformation rate for glulam columns under fire were

very small and negligible.

c. Summary of research results for the 3rd year

1) Glulam beams with fire-resisting paint coating on exposed steel parts and
wood covering for inserted steel parts mostly satisfied 1 hour fire-reistance
requirements.

2) Steel fasteners inserted into wood at 30mm depth lost all the strength
because wood surrounding fasteners was completely charred within 1 hour.

3) Up to 30mm depth from wood surface, temperature reached 400C at

around 40 minutes of burning.
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4) 1.2mm thick coating of fire-resisting paint showed higher fire-resistance
than 0.6mm thick coating.

5) For steel fasteners inserted into wood, at least 40mm of depth is required
to satisfy 1 hour fire-resistance requirements.

6) Average charring rate was 0.55~0.7lmm/min and similar to the results of

previous tests.
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(a) Specimens for loading (b) Specimens for loading
parallel to grain perpendicular to grain

Figure 2-1. Specimens for tests of bolted joints.
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Table 2-1. Kinds of specimens used for the tests

Diameter of bolt Species Main member Side member
Steel Wood (Il to grain)”
Steel Wood (L to grain)”
12, 16, 20, 22 Larch, Red pine, | Wood (Il to grain) Steel

Douglas—fir Wood (L to grain) Steel

Wood (Il to grain) | Wood (Il to grain)
Wood (Il to grain) | Wood (L to grain)
Wood (L to grain) | Wood (Il to grain)
Wood (L to grain) | Wood (L to grain)
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Figure 2-3. Typical load-slip diagram for double shear of bolted joints.
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Figure 2-4. Picture of testing arrangement for double shear of bolted joints.
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Figure 2-6. Schematic diagram of moment-resistance testing arrangement

for glulam connections of actual size.

Figure 2-7. Picture of moment-resistance testing frame for glulam.
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a) Bolted joint with steel plate b) Bolted joint with spoon tie
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) Lag-screwed joint with spoon tie

[

c) Bolted joint with revised spoon tie

e) Bolted joint with steel plate f) Bolted join t with steel plate

and knee brace
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g) Bolted or lag-screwed joint with

steel plate of T-section

Figure 2-10. Various joint configurations

developed in this study.

V\

éBolt(Dian’eter 15mm)
Gyl Reinforced steel plate

m (6mm thick)
Bolts(Diameter
15mm)

)

a) Bolt or lag—screw joint with b) Reinforced hanger joint

c)

4)

steel plate and spoon tie

Picture of bolt joint d) Picture of reinforced e) Picture of spoon tie
with steel plate and hanger connector connector
spoon tie

Figure 2-11. Glulam connections employed in this study.
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Figure 2-12. Shear tests for glulam connections.
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Figure 2-14. Bolted joint with whole steel plate(GP-type connector).
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Figure 2-17. Joint with inserted tension bolts(TB-type connector).
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Figure 2-18. Third-point loading bending test for glulam beam(KS F 2150).
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Table 2-2. Results of double shear tests for bolted joints made of larch
lumber
Bolt Main Side Joint Yield point Maximum
diameter modulus Displaceme | strength
member member Load (kgf)
(mm) (kgf/mm) nt (mm) (kgf)
Steel Wood( [ )" 6339 2694 1.20 3014
Steel Wood( L )” 2387 1585 1.33 1903
Wood( ) Steel 3608 4179 2.37 4601
12 Wood( L) Steel 1564 2371 2.28 2896
Wood( II) | Wood(Il) 2453 2108 2.19 2208
Wood( II) | Wood(L) 637 1869 3.21 1993
Wood( L) | Wood( Il ) 974 999 1.71 1472
Wood( L) | Wood( L) 606 1016 3.45 1453
Steel Wood( 1)V | 22202 = - -
Steel Wood( L)” 3393 2155 2.0 2587
Wood( II) Steel 3343 5649 2.18 6029
6 Wood( L) Steel 1545 2648 2.72 3234
Wood( ) | Wood( Il ) 3539 2053 2.38 2418
Wood( ) | Wood(L) 744 2033 3.03 2332
Wood( L) | Wood( ) 816 1441 2.32 1858
Wood( L) | Wood(L) 757 1113 3.34 1593
Steel Wood( 1)V | 22578 - - -
Steel Wood( L )” 3630 2124 2.44 3084
Wood( II') Steel 2739 6573 2.33 6837
% Wood( L) Steel 2218 2342 2.32 3651
Wood( 1) | Wood( Il) 3570 2856 2.65 3294
Wood( Il) | Wood(L) 807 2602 2.86 2646
Wood( L) | Wood( ) 1295 1450 2.66 2184
Wood( L) | Wood( L) 1154 1438 3.65 1958
Steel Wood( 1)V | 22464 - - -
Steel Wood( L )” 2714 2253 2.87 2946
Wood( ) Steel 2420 6886 262 6973
99 Wood( L) Steel 1080 3448 2.64 4081
Wood( I) | Wood( I) 2714 3691 3.00 3835
Wood( I) | Wood(L) 823 3334 2.96 3472
Wood( L) | Wood( Il ) 1419 1648 261 2479
Wood( L) | Wood( L) 754 1968 3.90 2346
T, EAC Aol g 4
o Ael At el 3 %‘%‘f{}ijl T2 o
Qﬁ)iﬂ of A FA7F AFddd FasA AetH(EES] WA
T
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Table 2-3. Results of double shear tests for bolted joints made by red pine

_68_

lumber
Bolt Main Side Joint Yield point Maximum
diameter modulus Displaceme | strength
member member Load (kgf)
(mm) (kgf/mm) nt (mm) (kgf)
Steel Wood( II)" 4181 4181 1.39 2608
Steel Wood( L )” 1782 1353 1.42 2131
Wood( ) Steel 3040 3040 1.19 3758
1o Wood( L) Steel 1448 1717 2.01 2094
Wood( II) | Wood( Il ) 1828 1720 251 2278
Wood( ll) | Wood(L) 705 951 3.31 2027
Wood(L) | Wood( ) 788 1059 2.02 1367
Wood(L) | Wood(L) 543 933 2.39 1309
Steel Wood( 1)V | 22266 -D - -
Steel Wood( L )” 1966 1490 1.64 2108
Wood( II') Steel 2369 4163 1.67 4600
" Wood( L) Steel 1262 2461 2.32 2393
Wood( Il) | Wood( Il ) 2043 2101 2.06 2535
Wood( Il) | Wood(L) 810 1059 2.33 2367
Wood(L) | Wood( ) 977 1228 2.32 1347
Wood( L) | Wood( L) 657 1232 2.32 1624
Steel Wood( 1)V | 22578 - - -
Steel Wood( L )” 2408 1524 1.65 2430
Wood( I ) Steel 2765 4990 1.72 5307
20 Wood(L) Steel 1110 2674 2.69 2893
Wood( I) | Wood(Il) 2162 2577 2.35 2825
Wood( Il) | Wood(_L) 1089 1465 2.37 2767
Wood( L) | Wood( Il ) 1138 1336 2.65 1792
Wood( L) | Wood( 1) 998 1329 3.45 1828
Steel Wood( )| 22188 - - -
Steel Wood( 1) 2555 1505 1.93 2430
Wood( ) Steel 2516 5183 2.08 6060
- Wood( L) Steel 1268 3220 359 3648
Wood( II) | Wood( Il ) 2605 3120 357 3175
Wood( Il) | Wood(.L) 1625 1752 3.82 3096
Wood( L) | Wood( ) 1140 1530 3.63 2170
Wood( L) | Wood(L) 1154 1484 3.98 2014
F 0 =)o) Afukdko] shziakel] 99y
2B A pukako] shEubak #Zl
¥ ;j}é z7)oll HA FATE Ao FstA Ae(BEES] eHAY
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Table 2-4. Results of double shear tests for bolted joints made by

Douglas—fir lumber

Bolt Mai sid Joint Yield point Maximum
diameter am 1ce modulus Displaceme | strength
member member Load (kgf)
(mm) (kgf/mm) nt (mm) (kgf)
Steel Wood( II)" 5505 2763 2.4 28983
Steel Wood( L)~ 2918 1413 1.30 2287
Wood( ) Steel 3456 4158 2.18 4587
1o Wood( L) Steel 1244 2686 3.14 3351
Wood( ) | Wood( Il ) 2324 1671 2.38 2147
Wood( 1) | Wood(L) 1102 2292 2.35 2394
Wood( L) | Wood( ) 782 1409 2.63 2098
Wood( L) | Wood(L) 660 1123 3.16 2445
Steel Wood( 1)V | 22448 ) - -
Steel Wood( L )” 2562 1418 1.39 2301
Wood( II') Steel 2316 5870 253 6168
" Wood( L) Steel 935 2616 3.62 3970
Wood( Il) | Wood( Il ) 3081 1994 250 3480
Wood( Il) | Wood(L) 1670 2486 3.33 3468
Wood( L) | Wood( ) 1447 1649 3.16 2197
Wood( L) | Wood( L) 951 1278 3.46 2393
Steel Wood( 1)V | 22504 - - -
Steel Wood( L )” 2863 2081 1.59 3383
Wood( I ) Steel 2309 6382 2.20 6926
20 Wood(L) Steel 1443 3088 3.62 4766
Wood( I) | Wood(Il) 4315 3459 2.45 3867
Wood( ) | Wood(L) 1715 2564 3.77 3417
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Figure 2-8. Load- displacement diagram for bolted joint with larch lumber
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16mm bolt.
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Figure 2-9. Load- displacement diagram for bolted joint with larch lumber
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Figure 2-10. Load- displacement diagram for bolted joint with red pine

lumber side member (grain perpendicular to load direction) and steel main

members, and a 22mm bolt.
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Figure 2-11. Load- displacement diagram for bolted joint with red pine

lumber main and side members (grain perpendicular to load direction for both

members), and 22mm bolt.
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Figure 2-17. Joint moduli of bolted joints with wood main member (grain

parallel to load direction) and wood side member (grain perpendicular to load

direction).
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Figure 2-19. Joint moduli of bolted joints with wood main member (grain

perpendicular to load direction) and wood side member (grain perpendicular to

load direction).
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Figure 2-20. Yield strength of bolted joints with steel main member and

wood side members (grain perpendicular to load direction).
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Figure 2-21. Yield strength of bolted joints with steel side members and

wood main member (grain parallel to load direction).
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Figure 2-22. Yield strength of bolted joints with steel side members and

wood main member (grain perpendicular to load direction).
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Figure 2-23. Yield strength of bolted joints with wood main member (grain
parallel to load direction) and wood side member (grain parallel to load
direction).
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Figure 2-24. Yield strength of bolted joints with wood main member (grain
parallel to load direction) and wood side member (grain perpendicular to load
direction).
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Figure 2-25. Yield strength of bolted joints with wood main member (grain
perpendicular to load direction) and wood side member (grain parallel to load

direction).
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Figure 2-27. Maximum strength of bolted joints with steel main member and

wood side members (grain perpendicular to load direction).
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Figure 2-28. Maximum strength of bolted joints with steel side members and

wood main member (grain parallel to load direction).
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Figure 2-29. Maximum strength of bolted joints with steel side members and

wood main member (grain perpendicular to load direction).
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Figure 2-30. Maximum strength of bolted joints with wood main member

(grain parallel to load direction) and wood side member (grain parallel to load

direction).
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Figure 2-31. Mzximum strength of bolted joints with wood main member

(grain parallel to load direction) and wood side member (grain perpendicular
to load direction).
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to load direction).
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Figure 2-34. Bending test of bolt—jointed glulam beam.
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Figure 2-35. Load-deflection diagram obtained from bending test of glulam

beam without joint.
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Figure 2-36. Load-deflection diagram obtained from bending test of glulam

beam with bolt—joint at center.

Table 2-5 MOE and MOR of glulam beams with and without joint.
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Figure 2-37. Failure of glulam beam with bolt—joint at center.
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Figure 2-38. Failure of glulam beam with lag—screw joint at center.

Figure 2-39. Failure of glulam beam with nailed—plywood gusset plate joint at

center.
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Figure 2-40. Failure of glulam beam with glued-in rod joint at center
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B
a) Testing set-up for moment-resistance of b) Attachment of LVDT to

column-beam joint. reinforced hanger joint

b) Connection to moving head of c) Connection to the fixed rotational end

testing machine

Figure 2-41. Picture of testing arrangement for moment-resistance of joint.
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Figure 2-42. Load-displacement diagram obtained from moment-resistance

test of bolt joint with steel plate and scoop tie.

_97_



Muazimun: 0037, 478N

REE

E'.- wWinld padni: @O0, JATH)
E
:
I

0D

¥ = SE=iMx + FIA TS
A = naars
10000

=

1] oegs 0 kbE 00E  didh  0dE  Wnis oM L0ds
Rokmblzn of jgant (red)

Figure 2-43. Load-displacement diagram obtained from moment-resistance

test of reinforced hanger joint.
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Figure 2-44. Load-displacement diagram obtained from moment-resistance

test of lag-screw joint with steel plate and scoop tie.
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joint.
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Figure 2-46. Rotation of wood members and connector at bolt joint with

steel plate and scoop tie.
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Figure 2-47. Load-displacement diagram for bolt joint with steel plate and

scoop tie under cyclic load function.
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Figure 2-48. Envelop curve under cyclic load function for bolt joint with steel

plate and scoop tie.

5) Aol v

8% wE ZuE 2§
o] Yy HE E7
Qloll ¢fsto] A AT

Py = Fel= 28 2-499)

- 103 -



a) Deformation of hanger joint b) Deformed shape of hanger

Figure 2-49. Deformation of reinforced hanger joint.
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a) Failure of wood under steel b) Deformation of steel plate

plate

Figure 2-50. Deformation of bolt joint with steel plate and scoop tie.
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Figure 2-52. Load-deformation diagram obtained from double shear test of

hanger type fastener connection, KM15-S.
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Table 2-6 Results of double shear tests for hanger type fastener connections

Symbol of Joint modulus Offset yield strength| Maximum strength
joint (N/mm) (N) (N)
KM15-B 2,352 17,150 33,114
KM15-S 2,597 19,002 29,527
KM20-B 3,538 32,830 33,291
KM20-S 3,949 28,547 33,281

Table 2-7 Results of double shear tests for improved hanger type fastener

connections
Symbol of Joint modulus Offset yield strength| Maximum strength
joint (N/mm) (N) (N)
KMI15-L 1,798 27,567 34,506
KM15-N 1,779 24,451 34,300
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Figure 2-53. Load-deflection curve obtained from bending test of glulam

beam with GP type joint at center.
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Figure 2-54. Load-deflection curve obtained from bending test of glulam

beam with TB type joint at center.
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Table 2-8 MOE and MOR of glulam beams with improved fastener joint

Type MOE (N/mm?) (%) MOR (N/mm?) (%)
No joint 8285 (100) 26.3 (100)
GP 5852 (70.6)) 18.4 (70.0)
SCP 8088 (97.6) 17.6 (66.9)
SP 3896 (47.0) 16.5 (62.7)
R 4990 (60.2) 10.1 (38.4)
TB 4271 (51.6) 4.8 (18.3)

MOE+= SCP H&FA (2" 2-15)7F HEF7F = A4 AR 7o 22 3%
< vediden GP HEFA(2E 2-1)% 49s =2 @S yYeddd. 2
glut SP(19 2-13), R(ZL9 2-16) 2 TB HeH-A(2d 2-1752 HH7E «
= FA vste] wj- vke MOE#S yetlio] el ofehs o 4 Stk

MOR2 GP, SCP % SP #HeHAE°] AFF7F gl= F4¢ MORe| diste]
°fF 60~70% & A= Pl & A=E deddd. 29y R 2 TB A
FRAES JE7E gle A AR vste] w9 ve MOR#HS dvetio] &

= vebstth R A ACNAM = e Aol

=
AAHA osto] #el= ddol vEEon TB HEFAdM= =ES $39
R
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a) Bending test of glulam specimen b) Attachment of LVDTs

Figure 2-55 Picture of bending test arrangement for glulam beam.
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a) Failure of wood along the bolt line at GP-type joint

b) Development of Failure of wood along bolt holes

Figure 2-56. Failure of glulam beam with GP-type joint at center.
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Figure 2-57. Failure of glulam beam with SCP-type joint at center.
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a) Crushing of wood under washer b) Crushing of wood under washer

at top tension belt at bottom tension bolt

Figure 2-58. Failure of glulam beam with TB-type joint at center.
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Figure 2-59. Shear and moment diagram for third-point bending test beam.
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Figure 2-60. Failure of glulam beam with R-type joint at center.
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Figure 2-61. Example of glulam portal frame structure.
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Figure 2-62. Free-body diagram for the 2nd floor of example.
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Figure 2-63. Free-body diagrams of columns and beams of the 2nd floor.
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Figure 2-65. Free-body diagrams of columns and beams of the 1st floor.
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IP=-2.5 v=10.0 [P=-1.25y=150 |P=8.75
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\V=18.75 \V=37.55 \V=18.75

!P=—12.5 !P=—6.25 !P=18.75

Figure 2-66. Maximum moment, shear and axial forces calculated by portal

frame method for example structure.
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Figure 2-67. Position of the centroid of the column areas.
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Figure 2-69. Maximum moment, shear and axial forces calculated by

cantilever method for example structure.
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Figure 2-70. Example of three-hinged glulam arch structure.
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(80)(4.5) + (120)(195) + 3Ch - 255Cv = 0 —————————————=——— (2-18)
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Figure 2-72. Moment diagram drawn on the compression side of arch

structure.
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Figure 2-73. Example of two hinged glulam arch structure.
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Figure 2-74. Subdivision of the example arch structure.

Table 2-9. Point coordinates for Figure 2-74.

Point x-coordinate(m) | y-coordinate(m) v
1 0 0 0
2 1.76 094 0.88
3 3.58 1.76 3.10
4 5.44 2.47 6.10
5 7.35 3.04 9.24
6 9.30 3.50 12.25
7 11.27 3.82 14.59
3 13.25 4.02 16.16
9 15 4.00 16.00

7 Aol wEe Agaht sdel #3 vHelmz gde Aukl
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WES Faw ¥ 2-103 2t
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Table 2-10 Moments at each subdivided point assuming simple beam

Point M;(kgf-m) M.y (kgf-m?) M(kgf-m)

1 0 0 0

2 37277 35040.19 -3858

3 70938 124850.4 52020

4 100205 247505.9 145295
5 124858 379568.7 253771

6 144383 505338.8 360505
7 158315 604764.5 446689

8 166453 669141.6 502790
9 168750 675000 509476
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Figure 2-75. Structure of glulam girder supporting roof.
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MIDAS Z&I3& AR&st7] flste] 489 dHAss v 2
2%+ I’ (KS F3020)

AR =4 G/4E 58 A AKS F 3021)

1435 (dead load): 90kg/m”

2 A3+ % (live load): 60kg/m”

QL
ofy
=2
2
rob
o
i)
N
i
s
=3

Fotsel Mg dEAEE ¥ o2-119 2 A4

2-129F 2t}

Table 2-11 Input data for wind load applied to MIDAS analysis

Ry [ &3] Fan
Ao | ABEE | wzx | T eTTEe e GUST
A% A% A% | g
Fold
H 5
el 30m/sec C A 1.0 1.0 0.9

Table 2-12 Input data for snow load applied to MIDAS analysis

B z] ) ZQrE A}
Qe | R Laas | emas | e
5 Al 4 Al 5= =G
A 0.7 1.1 1.2 1.0 80kg/m”

F 2-11 % 2-129] ARE o]&ste] AMtd Fekw R AT vedt 2

o},

Fa3
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7%

A

F
Me
B
Ry
9

& 14 A
1/2 A
7% 3/4 A

o

A% A

0 1.147

© 126.8kg/m*( )
: 152.2kg/m*( 1)
: 109.0kg/m*( 1)

: 74kg/m”

25} (SLy): 80kg/m” > SL,

43k %: 80kg/m”

olo] AA s E| =AY MIDASO A ZH7}9

¥ A8t ¥ 2-13% 2k

HAA well wisto] d=H=E 9

Table 2-13 Input data for external loads applied to MIDAS analysis

(unit: kg/m)

WL
DL LL SL
WL1 WL2 WL3
369 246 328 520 625 447
489 dFxge on 2o



{1

Figure 2-78. Subdivision of glulam arch girder for structural analysis.
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Figure 2-79. Output of MIDAS analysis.
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Figure 2-79. (Continued)
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Figure 2-79. (Continued)
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Figure 2-79. (Continued)
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H EWNE(Mpa) = 25273kg-m (Node 17 2 18)
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Hd ZF3+E(Pmax) = 3,061kg (Node 2 ¥ 33)

DL + SL:
H EWE(Mpa) = 26470kg—m (Node 17 2 18)
Ho AFH (Vi) = 6,092kg (Node 2 2 33)
HAY =35 (Prax) = 3,550kg (Node 2 2 33)

DL + WL:
A BHE M) = 4,923kg-m (Node 7 2 8)
Ho A (Vina) = 3442kg (Node 2)
H F8+%F (Pma) = 1,417kg (Node 15)
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Table 2-11 Adjustment factors applied to wood

<4 ) A A=) A | A

Fp '=| (Fy) | (Cp) | (G | (C) | (C) | (Cv) | (G | (C) | (&) . . (Ci)
Ft =] (Ft) | (Cp) | (Cn) | (C) . . . . . . . (Ci)
Fyv '=| (Fv) | (Cp) | (Cn) | (C) . . . . . . . (Ci)
F.'=| (F.) . (Cn) | (C) . . . . . . (Gy) | (Ci)
F.'=| (F) | (Cp) | (Cn) | (C) . . . . . (Cy) . (Ci)
E’'=| (E) . (Cn) | (CY . . . . . (Cy) . (Ci)

F 0 AARRAN Dol s BAAS G RAAS GF B HE3A okt of 2YAL
FoIN e g g,
) R AS G AAREANT 48 ar,
) PUAEAL G 1FTFEAGAN) BRA 2 FRRANL A S0k,
) FEAT G BARRAY FL PR 4500

FHAEAT(C)= A et FAe BFow AJsts stsa AAS
© S AEET A yrlel A [ A7k 300mm vvkd A5

of ¥ 2-159) e A ewch

¢
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Table 2-12 Load duration factor, Cp

Load duration Cop Designed load
Permanent 0.9 Dead load
10 years 1.0 Live load
2 months 1.15 Snow load
7 days 1.25 Roof live load
10 minutes 1.6 Wind load,
earthquake load
Impact 2.0 Impact load

Table 2-13 Moisture adjustment factor, Cn,

Design
Fb Ft FV FC FCL E
value
Cm 0.8 0.8 0.875 0.53 0.73 0.833

* Cp, 1s applied for the environment in which equilibrium moisture content of glulam
member in service exceed 16%.

Table 2-14 Temperature factor, C;

) Service Temperature
Design value . - . N ; -
condition T<38C 3BTLT<H2T |52TLT=<66T
Fy, E Moist, dry 1.0 0.9 0.9
Fy, Fy, Dry 1.0 0.8 0.7
F,, F.. Moist 1.0 0.7 0.5
Table 2-15 Flat use factor, Cg
Size parallel to width
o 65 30 130 170 215 270
of lamination(mm)
Cr 1.19 1.16 1.1 1.07 1.04 1.01

* For intermediate value, use linear interpolation method to obtain the factor.
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Table 2-16 Incising factor, C;

Design value E Fy, Fy, F. Fy, Feu
G 0.95 0.85 1.00

HOPYAFCE Hel Eolzh vhilnrk B mel AA ol AHA Z
A7 ABBORA Aol WANE 3ol 10F A& 184 Fe 4

Sol= 2 (2-24)0] elske] 1 g Aadt

(2-24)
c, = 1 + (Fp /[F3) \/[ 1L+ (F [FEDY _ Fy |FG
L 1.9 1.9 0.95
o 7] A = 7lEs &8-Sl G Cv, Crg AT e AHE&7Hs3 =4
F *
"oASE BY %
, KbE = 0.610
K,sFE
Fp
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———————— (2-25)
Cy = Kp(6.4/0)'(30.5/@)"™ (13.0/)'" < 1.0
71 L = FFAQNA EHEZE g9l A43F A8, m
d=385A° #F cm
b = A¥Ae v,
K; = stsx=dAF
= 1.09 (GdA R FLHFS
=096 (7 719 139 AFstse 49)
= 1.0 (G R FAdFE

]ZH <l A5)

4 249 wARATS A4 2-25)9 $AALE G AeHA gov F
A A% FAM A ke A Estolof rh

SEAFCOE BHAGA F& Brol AEHM 4 2200 oot A
A,

(2-26)
C. = 1 — (2000) (t/R)*
A7 ¢t = A9 T4, mm
R = 2749 &= Aqwel 2§ ¥7%, mm

/R < 1/125 (A 45)

FAAAF(Cp)= A (2-27)0] 9dte] ALbeth
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94 X (1R A E) 171Immx770mm(22% A=)
g9l A(A) = 1,317cm’

SHAG(S) = 16,898cm”

g o] 22 A E() = 650,559cm”

B4 A142(E) = 120,000kg/cm”

717 84 # $9(F,) = 160kg/cm’

715 84 9% $E(F) = 100kg/cm’
% $¥(F.) = 120kg/cm’

7% #g Ad LE(F,) = 14kg/em®

FEATAZ (L) = 1,640cm
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ZAAATE
DL + LL:
Cp =125 Cyn =10, C = 10, Cy, =10, C; = 1.0, C; =
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= 0.792

c :Jil&‘ulaﬂ&&_¢ [ 1+186.45/198 1> 186.45/198
L 1.9 1.9 0.95
= 0.818

—0992

- 0544
c, Jﬂmw (1E91.37/150 1 *_ 91.31/150
] 1.8 1.8 0.9
A &

=k
Fy' = 160(1.25)(0.792)(0.992) = 157.1kg/cm’

010

F.' = 120(1.25)(0.544) = 81.6kg/cm’
Fy' = 14(1.25) = 17.5kg/cm’
DL + SL:

Cp = 115 Cn = 10, G = 1.0, Cy =1.0, C; = 1.0, G = 1.0

- 0.822
 14186.45/184 [ 1+ 186.45/184 > _186.45/184
CL= 1.9 W 1.9 ] 0.95
y = 0818
G4 O, 305,00 130,
_1'0(1435) ( ) )
= 0992
L 35
=1-—(2000) ( 17150)
- 0581

0.9

Fy = 160(1.15)(0.818)(0.992) = 149.3kf/cm’
F.’ = 120(1.15)(0.581) = 80.18kg/cm”
F,' = 14(1.15) = 16.1kg/cm’
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DL + WL:
Cp =16, Cyh =10, C =10, Cy =10, C; = 1.0, C; = 1.0

= 0667
c :M_WM]Z_M

L 1.9 1.9 0.95

= 0818
6.4\ "
CV10(1435) N oN (171)
= 0992
C .= 1-(2000) (T%%)
= 0441

C _1+91.37/192 ¢ [Jiﬁ%%lﬂﬁz]zfﬂ%lélﬂ

Fy = 160(1.6)(0.667)(0.992) = 169.4kf/cm”
F.’ = 120(1.6)(0.441) = 84.7kg/cm’
F. = 14(1.6) = 22.4kg/cm’

o] AA s&&Hel ko] MIDASS =g vehd 853 ZrE

DL + LL:
fi, = 2,527,300/16,898 = 149.5kg/cm® < F,' = 157.1 S 0K
f. = 3,061/1,317 = 2.31kg/cm”® < Fc¢' = 816 - OK
f, = 15(5694)/1,317 = 6.4%g/cm’ < Fv' = 175 - OK.
DL + SL
f, = 2,647,000/16,898 = 156.6kg/cm” < Fy' = 149.3 - NG
f. = 3550/1,317 = 2.70kg/cm” < Fc¢' = 80.18 S OK
f, = 1.5(6,092)/1,317 = 694kg/cm’ < Fv' = 175 - OK

- 152 -



ok
21

=

=

A

DL + WL:

=ogh b
I Il Il

492,300/16,898 = 29.13kg/cm’ < Fy' = 169.4 s 0K
1,417/1,317 = 1.08kg/cm® < Fc¢' = 84.7 - O.K.
1.5(3,442)/1,317 = 3.92kg/cm” < Fv' = 22.4 - OK

A AR FelA (DL + SL)¢] shwxg stollAd Aol ik F2elA

2ol el BF Aol Helor} odl Amel Aol MARY FuHel Bt

of WEk FAE 5 s AR Aolm At
73

9174 5]

ol ohek

o)
]

L
Ju

st e 9ol Agst BAsth o] o] Aol o] oAE P

Astn AR A5 A4S A4S U2 A4S A5E Ao Bed F 9

.

- 153 -



4

Al 44

37t

-
()

BT A

AP

1

1.

D o 7k 25 AF, Al 7HA =4

e

i
o

)

el

Fol o] Aol A A

3|

?_]__

Al

o
=

pul

& KSit4

WRiel o

T
=

B2 KS F 2153 (

ToR

1

LHER 21T

o

—_
file)

Al

oj
00

B8

- 154 -



A o]
H] 1
+5371
]Q_

S

[e)

.

-
.

-7 el MOR

A

o1}t MOR

A

A&7 8l
1)

271~79% =9

P21l MOE % MORe] 7t

o

A e

X MOR
S

=
L

h=q]
]
MOE+=

R

4

L

R

slo] Foko] HEH oL WHolx WA ut3] 7}

S

.

A2 ®He] MOE
34~65% 18] 3. MOR
A
= 9

o]

3]
=4

< UERAT

AR AR AR

[e)

i

1

=
=

pu
L

A=)

Foht oAl
T

©

7}

LHER A

3Fo] MOE

o

S

ol FAe] MOE 3 MORo] SEA uebsit

o 7 ke

H]
=
=

5]

(e}
4) EE HFHE-A < MOEZF 7+

—~
.50

ToR
A
i
gl

—~

oy
g

N

HA WEREA] 2okt

©

|5
T3

b7 0]

[}

ol A +=

il

- 155 -

e AT



LHER AT

=

=

ZEEELE

lo] B

X
!

al
d =

EX
=

3}

12, 22 2 3

N

NI
oF
TR
)
1o
o
iy

el

iy
o

B
i)

o
alal

el

N
%

o

—

il
ToR
KE
,_.mo

—_—

y

B

12) &

- Afolel 2 Aol

5ol od Zajo] Wy ow vehr

13) Ao A delA
7F At

o
X

o
-
o
A

o))

o

1]

=

o]

alr
S 7HE A

R
L.

3}l MOE

S

FZAA4 71H 7

1;!%
JeEp

F-Af el

37}

[e)
0,

=

T

¢}
o] 274

=
[e)

HZ

}

kel
o

28 4YRA A

el <]

= A g
A

2) st
51~97%¢ MOE % 18~70%¢ MOR

=L

3. 3Ad &=

il
o
e

w|
il

g

1o
:AO
B

x

7K

ERFRA, DA AEEA

ey

[e]

MOR=

o
=

=
LR AT

S
A

2l
o

=

- 156 -

ate] ok 60~70%2] W]

S

MOE
MOE 3! MOR E%F vt gk

Al #

1
i

T

1=

A

L
hun
T

A
A=}

[es]

H

= 4%

377}
J

=

A

e HERH AT

6) =t



B
~

stgol g

aof

o 7hz

o f& wRA

it

7F 28

o]
el

N
~
No

o

2 AztEm

el

R

of webr A

o] F7hg

=
K3

3

9) L= HEHA oA

g e e e

11) o4l

= B Y

B AT

=)
=

%

ol

o

0
Gl
N

7

L

G
<
S

0

S

G
H|

)

N

Ag e T

3l

T2 3719
2 AAd = A

94

s

T
=

13) oFx]+

14) o

g7k loem AFoA FRAALGoE dvH

Pl =

A5

o2 A

Ea
T

el

ol

o)
TR

.

~N

bo] TEAMNES Shol

] %g

w0

¢

~
G

K
A
Nd
‘_1:

o

$8 #

A
ZS|

16) A8l Fx4dA0l

BX
1o

wWr

- 157 -



Al 3% T8 AdA WA T AL

Al 14 H4

M

hk AZAzA ol gHol gt

ke
1

o 74

3}
=

by

alal
Wi

|

S} oe 7hA Aol Al wie] W

=
T

]

X

the]

R
.

A 2A AA =

pul

7}

pu
R

of FEAREAY &=

of A Wal7t A7 Awr) ok

wjr

Aol tt.

0

A

A

=
ZO
)
o
—_

AR 7 7

=
=

oA FxAZ Ago] B Z

4

}o]

71 %<2l E(finger joint)
]

)

[¢]

2 A A $H(scarf joint),

|

el
o

g HAAE o)

=
T

o

)
uArO

—

NI
ZO

.~

X

AW} B =

HA R A Al o] K

ol

)l

o

o
o
jod

]

=

np

o)
&

—_—

X
1

pud

@ Amel Abgolet

=
[€)

o gkvt. ZEa ALl Tt

A

oo Hth ofF

Z 997t o

o

Folgte SHAAE H)

1249l b A o] Aot 2

o
2
=

o=

=3
1=

S e

- 158 -



! oo o Tomo N R oW g NNTF NPT
¥ g LI RIS rye”
N o o W T w2 X ~ A
TR R W E e R oot Bl X
o X h = 9 _ SO W
T R B mAAT@MzW&W%mE%ﬂ%m
- N T mﬁ - wrogr o Np ow « Xow o ok = -
o T owo oo oy ® AT Tow o o
lO — —_ L ho Z.L LE w:O 11# Et
—— \Ul \ml o< AL X_l JvA| —— w:b o 1_#| Lf ‘ﬂAll ﬂ_,Hl i m
oA B ok ¢ Mo T uwe T Hm_ Moo 2 I
— = N -
M 3 1A7_wA = o o) o W_M o o = ny x| ﬂﬂw of w iy
S ey TEZRAEaSdEETwc
= 3l T ,_MM o N o o W@ T o T omo Hr ooy TH (-
HOw o — ) M o T X LA o
- 7B @&%%M ﬂg_d_ua‘@ﬂe%ﬂ
T e ® paHes T TIET TR
= do oo o T . . K RN ° " _-
— o 9P Wﬂwﬂ%ﬂﬁﬂaﬂﬂ%mmé
N o0 T N 11 A TR AN
T =T 7 o =0 o)) = ) | KT o W R ﬂ = MM Mno
jon ] g ~ . ~
oo R g & mu W.ﬂ g - iy . Y Wﬂ
T o~ T o o — 0 ~ - I S i
X ‘mlL 0 Mﬂ iL N —_— X —_ X o< Em,
= N o " JC I - Y B = B )
O < g T F B o"T o B T KR DD R
To T | Mo 3 & o T %o < ol X Ao Moo=~ < it o
~ . NA 5.0 = T o N o Mu_l il
" T o= . —~ P T M mooHr o oL
(U et R o o wm T = N o —_ V- oF
W2 Ho = D o B < = ©oF =3
L LR RN g s T o IR %o ox T
O I . T B S A QA
Row oy W :Ai o g W oom X ™ @ =y & OB
ﬂ%%ﬂzg@@%%ﬂﬂﬁﬂnﬂ o T oM
al A i o
X oo AT W T 5 % odomow oy O R
TN T MOE oM oW oE e R oY R o T o

Kl
S el H

AN

Fel M= Hla

ez}

]_

©

o]

Az ek 1 aLs

[e)

alo] gtom A3k

A=N
o

=
K3

E

=1

A

- 159 -

’

=]

R

2 BAE ok ARmA URARE A

J o

%
5

T+

ol Bl wiiel] FRFAR AREENS W sArE 2AsE Azl

In=}

o

7 we AnzA osh W

L
R



T w7E 7L

MFow
Aole}

)
Hr

i
)
7
oH
g

~
)

g

SA7E skAl

=3k

T

At

e

KeX
=

12 dyxzry

S|

@)
o

LR AR e

o BAE

o] %

=

o

Wl @

i shA| Zboll uhe} a1

o 27 AAFeEA Al a2

O

—

;O_._
o
B
i
&+

Al

EEEE

5|

o

o} ashatse Qo] A

)

B

o Azel gy sAel gdg of

FEUHS §43
o5} o] T

e

o
o0

A ol M =

M-

B
)

NI

i
)

—
file)

B

Hog

}i]‘_

of #AHY o

E

N E

toll = A9 05 ~ 0.7 mm/min A

TATN A dHA A

0

B

o))

o
e

K

)

%]

7

s
a

!

]

VA
xA

=
=

06 ~ 0.7 mn/&)

3 lelth,

B

o Gl B 2A 9]

=

o

w3}

L
R

g5l

o

T

& A7

shAle] Al

1
R

SRR R = B f

[e]
T

o 7H A

g g

=3
=

A

oF
il
R

- 160 -



150

150

450

300

302 Jt& 458 JtE

Figure 3-1. Configuration of glulam cross section after burning.
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o= ¥ 150mm % 170mme] FA = A 2HekS ot

Table 3-1 Dimension of glulam beams manufactured for fire-resistance tests

14 2 15 1
gpam| + oz | VT csg| ges | 1Y
(mm) Al T

Sweden’t

P - 170 ] 170x400x5000 1 125-36B 12 N R
Red pine

L - 150 | =2F 995 150x400x5000 1 10S-28B 17 B

L -130| 32 995 130x600x5000 1 10S-28B 24 YA =
R R

D - 130 ) 130x600x5000 1 125-36B 18 Y AA =
Douglas Fir
Sweden’t

P - 130 ] 130x600x5000 1 125-36B 16 B R
Red pine
Er) Ak

D - 170 ) 170x600x5000 1 125-36B 17 Y AA =
Douglas Fir

dporstr] fei A" AIAAG7) el st & 7hshEA
Ast7rd Alde AAH. o o T Av=

S1ggeoE Agstel slggeol 4gate o)
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Figure 3-2. Positions of temperature sensors installed in glulam beams to
measure the change of internal temperature during

fire-resistance tests.
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Table 3-2 Loads applied to glulam beam during fire-resistance tests

9 A 58 F SHE | 29 Ao |dHAF| FetE (dAsT -
(kgf/cm®) (cm) (cm) (kef) (kef)

P - 170 142 468 2,813 5,120 2,560 ?l-jj;l;':

L - 150 135 468 2,344 4,060 2,030

L - 130 135 468 4,408 7,630 3,815

D - 130 142 468 4,408 8,030 4,015

P - 130 142 468 4,408 3,030 4,015

D - 170 142 468 6,613 12,040 | 6,020
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Figure 3-3. Loading arrangement for fire-resistance tests of glulam beams.
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Figure 3-4. Testing arrangement for fire-resistance of glulam beam with

bolt joint at center.
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Figure 3-5. Configuration of glulam beam with bolt joint at center.
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Figure 3-7. Testing arrangement of fire-resistance tests for glulam beam

with nailed-plywood gusset joint at center.
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Figure 3-8. Configuration of glulam beam with nailed-plywood gusset joint

at center.
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Figure 3-9. Details of nailed-plywood gusset joint installed in glulam beam.
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Figure 3-10. Testing arrangement of fire-resistance tests for glulam beam

with lag screw joint at center.
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Figure 3-11. Configuration of glulam beam with lag screw joint at center.
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Figure 3-13. Testing arrangement of fire-resistance tests for glulam beam

with glued-in rod joint at center.
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Figure 3-14. Configuration of glulam beam with lag screw joint at center.

- 184 -



400

40

D:El

H (520 x 50 x 6t)

olgaa
(10, BB S&)

AN

e ALIAFR (012, 201 11

ATITINETIILL LRI AN AT LEERLIA RS AY AN AU AR SN
Lt L s oL E TR e

70

SEBE(120 x BOO%

(120 x 600 x 10t)

ote &

10t, 201)

a) Detailed side view of glued-in rod joint

400

150

[

L

b) Side view

=520 x 50 x 6t)

i ALAFR (012, 201 110)

ol
(o1

g
0,

b

2Tl 2)

=FS)
T

EH(120 x 300 x 10t, 29H)

S (120 x 600 x 10t)

Figure 3-15. Details of glued—in rod joint installed in glulam beam.

- 185 -



|

HEA dd=& A3
oA

D A4

.

0

ZO
ra
pra

)l

M
T

—_—
i)

Nr
ojp

Z}
2}

Al

1l

3

Ay2

2) N4

oo

A Z7F 300mm¢<]

o %7 81lmmel 7t= ¥

S

BR
file)

alo

b o,

°

Z}
)

A

=

=

370
3) Alg W

7H A

3

2

el
o

o
T
yol!

—~

N

H2 71 AEeE 60ToAA 24X Ax &

b

]

72 A9

o
5

A
Tl

1

o] KS L 9016 (219 &

17 98
- 186 -

o]

=
=4

W Al s



o GAA 715 A ALUHAS) AW L BHEE 27

DAY 5

2) A BB A%

7H A&
HAAA 7159 dsids ANES

Aahq et

ol

_(H

dete] g 7% 1 % 0 Sl W

o

s3o] aHgshe

bol F Giee Mgl N@EL A

Table 3-4 Dimension of glulam columns used for fire-resistance tests

AlAA Az | AEA F5 A& A =271 (mm) Al | A sl (ksf)
No. 1 A&7 | @ 30005 [J100x100 &3 1 20,000
No. 2 AE7%s | @ 300(H5F [J100x100 & 7H) 1 20,000
No. 3 A7) 300%300x%3,500 1 27812

- 187 -



KS F 2257-1(AFFx=5A e dsiA gy - duta 418 1999) 2 KS F
225T-T(AFT2HFA2 HaA gy - 7159 A7+, 19999 715 uebA
o}

At APE AN

b A Az
7] FA olste] FAE 1A B Hd AFE WA

oh) Algstks

Ushds Algoel 288 stas Atatr] st 2 JAA B v g
St A S Al UmA o] gk 38-8He 209 FHAAFE AL on
AA Aokt Aol F 3-49F o] o] ¥l AP TFel= 20,000kgf L

e Ashgy
Watds Algel xasEe st 19 3-16, 3-17, 3-18 ¥ 3-19¥ o] 7} A]
FEME /15 UHel B4 ool 3Tl AAES E 349 FHFL 7}

sttt

- 188 -



3,500
3,000

®1L7m [

lsitg=z

G.L

| ————Load cell(300ton)

|
|
|
~——— SeIEXI(300ton)
|
|

TEAOTIRSS

Figure 3-16. Testing arrangement for fire-resistance of glulam column

having circular cross section with empty interior.

- 189 -



SEMIIs
(*SJ18 - © 300,
W& 0-100x100224)

<
O
H
o]
7
0
%
@
ol
a
=
]
=]
<
=,
2

a

L e v |
% 0
V1 V7
% /////
7 77
AN
7 7 Steel plate(20t, ®560)
A U=
7 77
v 7 \
4 7/
77 7 Het3
%7 %
A V2
/- /-
7 0
7] 50
7% %
% .
A A
% 7
o 7 ///////\QQIHJ\%
3 A Vi (FEI1E - © 300,
© v 7 W& 0-100x10032)
% 7
77 7%
/// //
Z 7
77 77
77 ///
% .
77, 77 LEEE
77, 77
7 4
7 7 Steel plate(20t, ®770)
. 77
o/
7 5%
. 77
777 %
B2y 1
L 7 |
235 300 235

770

b) Vertical section view
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with Rahmen connector joint at center.
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Figure 3-23. Testing arrangement of fire-resistance tests for glulam beam
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Figure 3-26. Testing arrangement of fire-resistance tests for glulam beam

with tension bolt joint at center.
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Figure 3-27. Configuration of glulam beam with tension bolt joint at center.
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Figure 3-28. Details

of lag screw joint installed in glulam beam.
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Figure 3-29. Testing arrangement of fire-resistance tests for glulam beam

with separated steel plate and bolt joint at center.
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Figure 3-30. Configuration of glulam beam with separated steel plate and

bolt joint at center.
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glulam beam and coated by fire-resistant paint

(thickness: 0.6mm)
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Figure 3-32. Details of separated steel plate and bolt joint installed in
glulam beam, coated by fire-resistant paint
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Figure 3-35. Details of bolted steel gusset plate joint installed in glulam beam

and coated by fire-resistant paint(thickness: 0.6mm).
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Figure 3-36. Details of bolted steel gusset plate joint installed in glulam beam

and coated by fire-resistant paint(thickness: 1.2mm).
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curve depending on heating time.
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Figure 3-39. Deflection of P-170 glulam beam under fire.
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Figure 3-40. Change of deflection and deflection rate for P-170 beam under

fire depending on time.
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Figure 3-42. Change of internal temperature of glulam beam depending on

time under fire.
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Table 3-6 Performance criteria and testing results of fire-resistance for

glulam beam
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Table 3-7 Dimensions of cross section and section moduli of glulam beam

specimens before and after fire-resistance tests

. . Section . . Section
. Dimension Dimension
Speci modulus modulus
before test after test
men before test after test
(mm) 5 (mm) 5
(mm”) (mm")

P-170| 170 x 400 x 5000 4,533,333 80 x 355 x 5000 1,680,333
L-150| 150 x 400 x 5000 4,000,000 70 x 360 x 5000 1,512,000
L-130| 130 x 600 x 5000 7,800,000 50 x 560 x 5000 2,613,333
D-130| 130 x 600 x 5000 7,800,000 50 x 560 x 5000 2,613,333
P-130| 130 x 600 x 5000 7,800,000 40 x 555 x 5000 2,053,500
D-170] 170 x 600 x 5000 10,200,000 90 x 560 x 5000 4,704,000
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Table 3-8 Average charring rate for glulam beam

A3 A 7FE A A ) €ks}-2] o] (mm) €F3} < & (nn/min)
P - 170 60 40~45 0.67~0.75
L - 150 60 36~41 0.60~0.68
L - 130 56 33~41 0.59~0.73
D - 130 46 30~34 0.65~0.74
P - 130 27 17~22 0.63~0.81
D - 170 60 37~40 0.62~0.67
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P-170 | L-150 | L-130 | D-130 | P-130 | D-170

859
850
733
707
717
579

805
67
683
657
185
129
92

125

384
498
192
181
149
143
41
47

688
685
628
554
233
332
108
133

761
703
276
338
153
152
74

79

814
734
346
409
157
177
91
102

147
159

Table 3-9 Maximum internal temperature of glulam beam under fire
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Figure 3-43. Picture of P-170 glulam beam.
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Table 3-10 Results of the first heat transfer tests for glulam
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T F LS, e, Sweden’t
T % Douglas Fir g5 Red pine
AEA =27 (mm) 298.5x298.5x38.0{301.5%299.0x38.0 | 297.0x300.0x38.0
23+3 C, RH 50 %, 717FAl(g) 1,648.3 2,206.6 1,8134
60 C 247+ AxFAl(g) - - -
105 C 24X Az Al(g) 1,512.0 2,018.0 1,639.4
A A(m’) 0.003386 0.003430 0.003386
F58 (%) 60 T ) . .
24X A&
7] 4l 487 643 536
60 C
us U A%
105 C
448 588 484
24X A&
7] %l 0.107(22.2C) 0.150(22.8C) 0.103(21.9C)
AAEEW/mK |60 T
(Fat2k) 2AMZY Ax
105 C
0.084(21.7C) 0.120(22.3C) 0.087(21.8C)

24X 7Y A2

Table 3-11 Results of the second heat transfer tests for glulam
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P A

T =z St Ak Sweden’t
T = Douglas Fir 935 Red pine
AEA =27] (i) 300.0x300.0x38.01297.0x300.5%37.7| 301.0x297.0x37.9
93+3 C, RH 50 %, 7] 7A%7(g) 18117 2.155.4 1,652.0
60 C 24X 3+ AZFAl(g) 1,694.2 2,021.5 1,526.5
105 C 24A17F AZxFAl(g) 1,635.4 1,955.8 1,4725
A A (m’) 0.003420 0.003365 0.003388
=g APA | s A 10.8 102 12.2
4 60 C
3F42-8-(%) U7 A% 34 34 3.7
7] A 529 623 480
60 C
H] = 495 601 451
24N Az
105 C
478 581 435
24N Az
7] ¥l 0.114(22.2C) 0.145(229C) 0.104(22.2C)
AAEL K | 60 T
= & W/m 0.102(22.0C) 0.142(226C) 0.091(22.0C)
(Bex) 24N Az
106 C
0.091(21.97C) 0.127(21.77C) 0.083(21.97C)
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Figure 3-44. Heating temperature curve for fire-resistance test of glulam
beam with lag screw joint at center.
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Figure 3-45. Records of heating temperature and area under temperature

curve depending on heating time.
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Figure 3-46. Deflection of glulam beam with lag screw joint at center

under fire.
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Figure 3-47. Deflection and deflection rate of glulam beam with lag screw

joint at center under fire.

2% 3474 B shdell m=EE AEielA davAb HE JAEA B T

HARFS Aol Aol mEkA Frkeklon Ao FUMEERE A7

- 232 -



Hl 3 1. CHAN 11, 12 : 294 15 mm A4, CHAN 13, 14 : 3£ A 30 mn A
2. CHAN 15, 16 : x¥ A 45 mm A5, CHAN 17, 18 : 32l A 60 m A &

Figure 3-48. Change of internal temperature of glulam beam with lag screw

joint at center under fire.
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Figure 3-49. Change of internal temperature of glulam beam with lag screw

joint at center depending on time under fire.
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Table 3-12 Performance criteria and testing results of fire-resistance for

glulam beam
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Table 3-13 Average charring rate for glulam beam with joint at center
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Table 3-14 Maximum internal temperature of glulam beam with joint at

center under fire

WRATeE =443 (C)
YHEE =A9X

No. 4 No. 5 No. 6 No. 7
¥HNA 16mm AF O 588 125 400 214
FHAA 30 mAE @ 471 54 137 120
FHAA 45 mAH @ 236 36 98 33
XA 60 mAE @ 126 29 64 95

H3 1. No. 7 AlgdAe] R 2% SAYAE sttt JHddoz BEo A,

2. MFH1e: 44 = ANEFTEAY 224,

5) WA E A7

a) Before test b) After test

Figure 3-50. Pictures of glulam beam with bolt joint at center.
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a) Before test b) After test

Figure 3-51. Pictures of glulam beam with lag screw joint at center.

a) Before test b) After test

Figure 3-52. Pictures of glulam beam with nailed plywood gusset joint at

center.
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b) After test

a) Before test

Figure 3-53. Pictures of glulam beam with glued—in rod joint at center.
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Table 3-15 Results of heat transfer tests for glulam

. T des S 2 Se% 3
A @A 27 (m) 209,0x299.0%81.2 | 299,0x298.0x81.2 | 299.0x299.0x81 2
233 C, 7145 Al(g) 4,266.7 4,306.9 41874
60 C 24A17F AZxF-A(g) 4170.9 41945 4,084.8
105 C 2447 AzxFA(g) 3,936.3 3,966.9 38422
A Am) 0.007259 0.007235 0.007259

1A 8.4 86 9.0
AAE=E AGA
&%) 60 C
TE 6.0 5.7 6.3
2477 Az
1A 583 595 577
= 60 € 575 582 563
ueE 2477 Az
105 C
542 543 529
24N Az
77 0.155(21.4C) | 0155(21.5C) | 0.155(21.4C)
AAES 60 C , . g
d=& Wm-K 0.140(21.4C) | 0147(21.4C) | 0.150(21.6C)
(H2%) 24N A%
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Figure 3-55. Heating temperature curve for fire-resistance test of glulam

column with circular cross section and empty interior.
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Figure 3-55. Records of heating temperature and area under temperature

curve for glulam column with circular cross section and

empty interior depending on time.
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Figure 3-56. Deflection of glulam column with circular cross section and

empty interior under fire.
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Table 3-16 Performance criteria and testing results of fire-resistance for

glulam column
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Table 3-17 Average charring rate for glulam beam with joint at center

APA M 7HA A G A () ehs}2] o] () &5} 5= (mm/min)
No. 1 60 38~54 0.63~0.90
No. 2 60 37~53 0.62~0.88
No. 3 60 38~45 0.63~0.75

) WEAF A2

a) Before test

Figure 3-57. Picture of glulam column with circular cross section and empty

interior.
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b) After test




a) Before test b) After test

Figure 3-58. Picture of glulam column with square cross section.
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Figure 3-59. Heating temperature curve for fire-resistance test of glulam

beam with Rahmen joint at center.
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Figure 3-60. Deflection of glulam beam with Rahmen joint at center

under fire.
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Figure 3-61. Change of internal temperature of glulam beam with Rahmen
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Figure 3-62. Heating temperature curve for fire-resistance test of glulam

beam with lag screw joint and wood covering at center.
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Figure 3-63. Deflection of glulam beam with lag screw joint and wood

covering at center under fire.
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Figure 3-64. Change of internal temperature of glulam beam with lag screw

and wood covering at center under fire.
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Figure 3-65. Heating temperature curve for fire-resistance test of glulam

beam with tension bolt joint at center.
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Figure 3-66. Deflection of glulam beam with tension bolt joint at center

under fire.

29 3-67914 B 156mm Zole 7FE F 2084 w3F%=<l 400CE Ho

- 255 -



A3 30mm Z o)A

=
2

a8 45mm 2 o)

H o] of 1A]

= g9 o7k HAF 40mm o]/l =

[e))]
H

ol 4] U ol

oy

el
oH
el
Jo

0

B

N

—— IBrem dap®  — 3omm depth
= dfiremn depin -+ G0 depin|

g

Figure 3-67. Change of internal temperature of glulam beam with tension bolt

joint at center under fire.
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Figure 3-68. Heating temperature curve for fire-resistance test of glulam

beam with separated steel plate and bolt joint at center.
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Figure 3-69. Deflection of glulam beam with separated steel plate and bolt

joint at center under fire.
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Figure 3-70. Change of internal temperature of glulam beam with separated

steel plate and bolt joint at center under fire.
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Figure 3-71. Heating temperature curve for fire-resistance test of glulam
beam with separated steel plate and bolt joint covered by

wood at center.
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Figure 3-72. Deflection of glulam beam with separated steel plate and bolt

joint covered by wood at center under fire.
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Figure 3-73. Change of internal temperature of glulam beam with separated

steel plate and bolt joint covered by wood at center under fire.
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Figure 3-74. Heating temperature curve for fire-resistance test of glulam

beam with bolted steel gusset plate joint at center.
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Figure 3-75. Deflection of glulam beam with bolted steel gusset plate joint at

center under fire.
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Figure 3-76. Change of internal temperature of glulam beam with bolted steel

gusset plate joint at center under fire.
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Figure 3-77. Heating temperature curve for fire-resistance test of glulam

beam with bolted steel gusset plate joint at center.
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Figure 3-78. Deflection of glulam beam with bolted steel gusset plate joint

at center under fire.
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Figure 3-79. Change of internal temperature of glulam beam with bolted steel

gusset plate joint at center under fire.
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Table 3-18 Performance criteria and testing results of fire-resistance for

glulam beam with joint at center

AgA |2 A9

W5 A7)

- Mg -
No.2 | 60 | 1369 | 1417 | 6.1 205 | 60 1L2/400d
No.3 | 60 | 1369 | 462 | 61 2.2 60

- MY =
No.4 | 41 | 1369 | 1926 | 61 | 1745 | 40 1.2/9,000d

No. 5 a3 136.9 1476 6.1 174 33

O~
No. 6 60 136.9 146.3 6.1 19.9 60 d: AEA d==

No. 7 50 136.9 119.3 6.1 33.6 50

No. 8 60 136.9 90.3 6.1 6.4 60

HlZ 1. No. 1(R-1) @ 564 AIA| A@A B2 st Huo Mgyl 9 HyPE Ao
B 5.
. No. 4TB-1) : 412 A AFA A2 A3t AlES .
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Table 3-19 Average charring rate for glulam beam with joint at center

(mm/min)

s

0.64 ~ 0.71

0.62 ~ 0.67
0.63 ~ 0.65
0.61 ~ 0.73
0.62 ~ 0.66
0.58 ~ 0.63
0.56 ~ 0.62
0.55 ~ 0.60

g3} 7] o] (mm)

36 ~ 40
37 ~ 40
38 ~ 39
20 ~ 30
33 ~ 35
35 ~ 38
28 ~ 31
33 ~ 36

A ZHE)

56
60
60
41

53
60

50
60

No.

No.

No.

4
5}
6
7

No.

No.

No.

No.

No.
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Table 3-20 Maximum internal temperature of glulam beam with joint at

center under fire

WRATERE 2427 ()

YR 5915
No. 1|No. 2|No. 3|No. 4|No. 5|No. 6|No. 7|No. 8

FEHA 15mm AAH @O | 848 | 986 | 824 | 921 | 885 | 931 | 820 | 928
HHoAM 30 mAE @ | 817 | 672 | 757 | 874 | 579 | 774 | 425 | 938
FHA 45 mAH @ | 784 | 223 | 318 | 220 | 252 | 269 | 168 | 179
FHoAM 60 mmAHE @ | 478 | 110 | 173 | 114 | 196 | 238 | 110 | 252

H 1 WEH12E 4234 Alg 5 A7HA 9 Ha2ed
2. No.29] @, @ WF-HAunL% SAHAN= b4 A7 A9 A4,

¥ 32004 B gl HE FHIAFEAC 1 AgHe Ao WE 2=7) v
E2 ZoZ YeEged ol HFArt Hoyx A7 st 2 77k
A =EHUY] WFEor A 1H AFAHS AQE U AdHE

A= 4bmm % 60mm ZelY 2= Algo] €Y W7 EA9 @Il xRl

Mo
>
rlo
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00T mekalA) ghobd R F 1A FolE FEE A gastdAw 2
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g EA FEow HoldegS & 5 U

5) WSAE A
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a) Before test b) After test

Figure 3-80. Picture of glulam beam with Rahmen connector joint at center.

a) Before test b) After test

Figure 3-81. Picture of glulam beam with lag screw joint and wood covering

at center.
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a) Before test b) After test

Figure 3-82. Picture of glulam beam with tension bolt joint at center.

a) Before test b) After test

Figure 3-83. Picture of glulam beam with separated steel plate and bolt joint

at center.
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a) Before test b) After test
Figure 3-84. Picture of glulam beam with separated steel plate and bolt joint

covered by wood at center.

a) Before test b) After test

Figure 3-85. Picture of glulam beam with bolted steel gusset plate joint
covered by thin(0.6mm) coating of fire-resistant paint

at center.
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Figure 3-86. Picture of glulam beam with bolted steel gusset plate joint

covered by thick(1.2mm) coating of fire-resistant paint

at center.
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