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《康熙字典》里“木”部首的字有1413
个，其中超过400个与建筑有关。 
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纲要 

•木构造接合设计基本原则 
•含水率的影响 
•接合的基本设计 
•紧固件类型 
•其他 



好的接合设计 

需要掌握下列知识： 
木材特性 
含水率作用 
特别设计要求 

 



木材的材料特性 
顺文方向强度高（立木顶千斤） 



木材的材料特性 



木材的材料特性 



横纹方向强度相对较弱 

木材的材料特性 

无横纹受拉设计值 

Presenter
Presentation Notes
Recall from Unit 1, that wood is stronger in the longitudinal grain direction and relatively weak in its perpendicular to grain direction. Here’s a simple illustration of this.  Let’s model the cellular nature of wood with a group of straws.  When compression is applied, the straw bundle is strong and connecting the ends is very simple.  Applying tension also develops considerable tensile strength in the straw bundle, but hanging onto the ends becomes more of a challenge in designing a suitable connection.

If load is applied perpendicular to the longitudinal axis of the straws, the straws crush because of the much weaker radial alignment orientation of the cellular walls.  This illustrates the anisotropic nature of wood - different strength properties in three different directions:  longitudinal (strong), tangential (weaker), and radial (weakest).



木材出现开裂是因为横纹方向
强度相对较弱 
钉距离太近，类似楔子。 

木材的材料特性 



裂缝不会出现在横
纹方向，不管钉的
距离有多近。 

裂缝总是出现在
顺纹方向 

錯位 

將平行木紋方向的釘
錯位以減少開裂 

木材的材料特性 



木材的接合 

橫紋受拉 
1. 大直徑緊固件 
2. 懸挂載荷 
3. 受緊固件限制 



Split

膠合梁在混凝土上的支座 

•缺口梁端部承載 
•產生橫紋受拉  
•水分吸收差異 
•密封端部 



膠合梁在混凝土上的支座 



切口 

問題     解決方法 
產生橫紋受拉 

Presenter
Presentation Notes
Here’s a case in point.  Notching as shown can lead to a combination of tension perpendicular to grain and horizontal shear stresses resulting in the horizontal split shown.  The better solution is not to notch at all - but, provide full bearing under the end of the section.



斷部切口的加強方法 

Ref. APA Technical Note EWS S560 



懸挂連接件與梁的接合 

梁下部懸挂載荷 – 
產生橫紋受拉 

Split



載荷承載于梁的上半部 
– 將兩側鋼板延伸到
木材受壓區 

受拉區 

Full wrap sling option 

懸挂連接件與梁的接合 

Presenter
Presentation Notes
…and here’s a solution.  Sufficient “compression” wood exists to develop the full bearing resistance to the hanging load.  A better solution would be to wrap a sling over the top of the beam placing the top of the beam in compression, rather than some interior portion of it.



梁與混凝土基座 

斜梁 

Split



Sloped Beam 
 

梁與混凝土基座 

Presenter
Presentation Notes
.



考慮屋面排水的斜面 

de 



木材的接合 

將載荷分散，增加超靜定數量，避免應力集中 



機械連接件 
採用小直徑緊固件 
增加數量 
相對于木構件緊固件的尺寸應
小 

 

木材的接合 



單螺栓連接多個構件? 

木材的接合 



事實上... 

木材的接合 

Presenter
Presentation Notes
What may seem like a violation of the second idea, is actually resolved with a clever combination of hidden steel plates and timber rivets which serve to spread out the load transferred through the very large bolt.  The plates and rivets cannot be noticed by the observer below.



下一步... 

•木构造接合设计基本原则 
•含水率的影响 
•接合的基本设计 
•紧固件类型 
•其他 



木材中的水分變化 

會產生橫紋方向上尺寸的變化 
 

 
 



木材的接合 

木材和其他材料一樣，在不同的環境中會產生變化 



接合的使用條件 
環境條件以及木材的平衡含水率 (EMC) 



水分流失產生 
的收縮 

鋸材 膠合梁 

接合的使用條件 

Presenter
Presentation Notes
What kind of moisture issues are we talking about?  Dimensional change.  Wood is very sensitive to moisture change, and alters its cross-section dimensions in response to the gain/loss of moisture in the wood cell walls.  Cross-section shrinkage can loosen bolted connections, or increase instability in hangers.  Swelling can deform connection hardware and cause other geometric problems.  This is why small ambient variation in humidity is desirable - otherwise it needs to be accommodated.



接合方法 

板之間留3mm縫隙 

Presenter
Presentation Notes
Connecting EWP’s can be done directly with fastening systems, or in combination with stock or custom-made hardware.  Connections typically test the designer’s skill to arrive at safe aesthetic solution.



梁與柱的連接 

側面鋼板與梁等高 
– 產生開裂 
– 限制了木材的自由
收縮 

Presenter
Presentation Notes
Full-depth side plates.
It is sometimes easier to fabricate connections for deep beams from large steel plates rather than having to keep track of more pieces.  Lack of attention to wood’s dimensional changes as it “breathes” may lead to splits.
 
Full-depth side plates may appear to be a good connection option.  Unfortunately, the side plates will remain fastened while the wood shrinks over the first heating season.  Since it is restrained by the side plates, the beam may split.  THIS IS NOT A RECOMMENDED DETAIL!



梁與柱的連接 

減小側板尺寸 
– 傳遞受力 
– 允許木材收縮 

Presenter
Presentation Notes
As an alternative, smaller plates will transmit forces, but they do not restrain the wood from its natural movements.




Starlight Theater 
Rockford, IL 





之前 

開裂 



之後 



之前 



之後 



梁與梁的接合 

梁托 
– 緊固件安裝在梁的頂
部 

– 木材產生收縮 
– 可能產生開裂 
– 不建議使用 

Split

Gap 
under 
beam

Presenter
Presentation Notes
Same problem just discussed….



梁托 
– 緊固件安裝在底部 
– 允許木材變形 
– 防止側向移動 

梁與梁的接合 

Presenter
Presentation Notes
…with a solution.  Note that the compression edge of the beam is still laterally supported but no bolt has been used at the top.



焊接梁托 
– 採用嵌入式結構 
– 將梁嵌入到梁托中 

梁與梁的接合 

Presenter
Presentation Notes
Bucket-style welded bracket at a “cross” junction.  The top of the support beam is sometimes dapped to accommodate the thickness of the steel.  If this occurs on a beam cantilevered over a support, the top will be in compression and dapping is not recommended. 



密封接合 
– 嵌槽必須能容納鋼板
和焊縫 

– 銷孔 

梁與梁的接合 

Presenter
Presentation Notes
 Concealed connections.  The suspended beam may be dapped on the bottom for a flush connection.  The pin may be slightly narrower than the suspended beam, permitting plugging of the holes after the pin is installed.  Note that the kerf in the suspended beam must accommodate not only the width of the steel plate, but also the increased width at the fillet welds.

The insulating detail symbol here is used to designate a connection that is applicable in Heavy Timber fire-resistive designs.  Burying the metal underneath the insulative layer of the wood prevents the metal from overheating into a plastic state during a fire event.  See AF&PA’s TR10 for details (free download).



問題 
–收縮 
–橫紋受拉 

梁與梁的接合 

Presenter
Presentation Notes
Hanger to side of beam
See full-depth side plates discussion (lesson ___)

Deep beam hangers that have fasteners installed in the side plates toward the top of the supported beam may promote splits at the fastener group should the wood member shrink and lift from the bottom of the beam hanger because of the support provided by the fastener group.  THIS DETAIL IS NOT RECOMMENDED!



梁與墻的接合l 

解決方法: 
– 允許木材收縮 

扁圓孔 

Presenter
Presentation Notes
Alternate to previous detail.  Slotted hardware permits dimensional change in the wood without restriction.



梁與混凝土接合 

梁與混凝土 
– 防止直接與混凝土接
觸 

Presenter
Presentation Notes
Concrete is porous and "wicks" moisture.  Good detailing using separators permits wood to be in direct contact with concrete.  

Beam on shelf in wall.  The bearing plate distributes load and keeps the beam from direct contact with the concrete.  Steel angles provide uplift resistance and can also provide some lateral resistance.  The end of the beam should not be in direct contact with the concrete.





梁與砌体結搆 

應用 
– 梁下安裝承壓板 
– 防止與氣體直接接觸 

Presenter
Presentation Notes
Here is an example of a good solution for a sloped beam bearing connection.



梁端和砌体之間需要預留
13mm空隙。 

梁與砌体結搆 

Presenter
Presentation Notes
Same provisions for concrete, must be made for masonry.



柱與基礎 

承壓板 
– 錨栓安裝在承壓板上。 
– 柱端部預留嵌入孔。 

Presenter
Presentation Notes
An alternate form…column bottom is slotted to allow space for anchor bolt fastenings.



埋入式柱基 

混凝土樓板澆注在接合上 
– 引起腐朽 
– 不 建議 

Presenter
Presentation Notes
Hidden column base
It is sometimes preferable architecturally to conceal the connection at the base of the column.  In any case it is crucial to detail this connection to minimize decay potential.

This detail is similar to other details already seen, but with floor slab poured over the top of the connection.  THIS WILL CAUSE DECAY AND IS NOT A RECOMMENDED DETAIL



鋼銷連接 
– 底板 
– 傳遞剪力 

柱與基礎 

Presenter
Presentation Notes
Simple steel dowel for shear transfer, with a bearing plate (separator) added.



柱與基礎 

问题 
封闭的柱靴中没有泻水
孔 
水分聚集 
腐朽难免  

Presenter
Presentation Notes
Column to Base Connections
Since this is the bottom of the structure, it is conceivable that moisture from some source might run down the column.  Experience has shown that base plate details in which a steel “shoe” is present can collect moisture that leads to decay in the column.  Bucket-style hardware also causes a lot of grief for wood connections if they are not properly vented or drained to let moisture and water escape.



•沒有底板 
•採用灌漿 
•水分滲入木材 

柱與基礎 

Presenter
Presentation Notes
…’nuf said.  And, by the way, the designer detailed a loose steel plate but the contractor felt a grout would work just as well.  



拱基礎支座 

問題 
– 端部吸收水分 
– 造成潛在腐朽 

Presenter
Presentation Notes
One might think that this solution works, however allowing the wood to contact standing water is not encouraging to its welfare.



拱基礎支座 

胶合拱端部采用密
封柱靴  
 
无泻水孔保证排水 

Presenter
Presentation Notes
For very long spans or other cases such as arches where large rotations must be accommodated, a true hinge connection may be required. And be sure the base connection can drain.




接合使用條件 

問題:   
誰分直接侵入 
無洩水孔 

Presenter
Presentation Notes
If water does get in - let it out - and let the end section breathe.  Trapped moisture quickly leads to fungal growth and decay under the right conditions.  Include weeps and vents in shoe-type connection hardware to facilitate the venting.  This example is in Tucson, AZ, another relatively dry environment.  



正確接合 
– 避免橫紋受拉 
– 防止腐朽 

拱基礎支座 

Presenter
Presentation Notes
…and use connecting hardware that breaths / drains.  Notice the cap flashing on the beam top edge to discourage rain water from being absorbed into the top of the wood section, and direct water  away from the wood.



問題:  水分直接侵入 
水分在端部最易進入 

No end caps or flashing 

接合使用條件 

Presenter
Presentation Notes
Great looking cantilevers?  Wood takes up moisture fastest through the end grain, and also dries out the quickest there.  It doesn’t take many cycles of this to create the end splits that are evident in these glulams. And these are located in Palm Springs, CA, a relatively dry environment.   What could you have done?  



接合使用條件 

问题: 水分是否直接透入到木
材中 

 
引导水分避开连接部位 
采用防腐胶合梁或天然耐腐
胶合梁 

端部采用盖板或泛水 

Presenter
Presentation Notes
Protect the ends - through cap flashings, sill flashings, to direct water around the connection, away from the ends of the wood members. And, be sure to provide an air space between the flashing/end caps and the wood members.



下一步... 

•木构造接合设计基本原则 
•含水率的影响 
•接合的基本设计 
•紧固件类型 
•其他 



接合設計 

《美國木結構設計法規》
（NDS)中提供了設計方法 

 

允許應力 = 名義應力 x 調整係
數 

 

調整係數全面考慮了不同使用
條件 

 



確定接合強度 

側向載荷 
 基於力學原理的屈服模式 
 4种破壞模式，6個相關公式 
外拔載荷 
 基於試驗的經驗公式 



側向載荷強度, Z  

•木材的承載力 
•構件的尺寸 
•緊固件的尺寸和強度 
 

Z 



單剪屈服模式   

Z 

Presenter
Presentation Notes
Equations have been developed (now part of the 2001 NDS) for four possible yield modes that dowel fasteners can take on.



屈服方程(根據不同模式) 

根據力學原
理: 
4种模式 
6 各方程 

Presenter
Presentation Notes
Equations have been developed (now part of the 2001 NDS) for four possible yield modes that dowel fasteners can take on.



雙剪接合 

Similar equations 
are used for 
double shear 
connections 



載荷與木紋斜交時的調整 

木材的承載力Fe, (儅直徑 > 0.25”) 

Feθ 

           Fe⊥ 

 Fell          

θ 

θθθ 22 cossin ⊥

⊥

+
=

ee

ee
e FF

FF
F

Presenter
Presentation Notes
Many connections rely on the bearing resistance properties of the wood for strength.  As we have seen, wood has different strength properties parallel and perpendicular to the grain.  The shape of the shaded ellipse in the sketch relates to the strength magnitude in the wood as a result of an applied force.  The wood resistance Z at any angle to the grain  can be computed using the Hankinson Formula shown here, where P is the wood bearing strength in compression parallel to the grain, and Q is the compliment strength perpendicular to the grain. 



外拔強度, W 

•貫入長度 
•緊固件尺寸和類型 
•木材樹種 
 

  

W 



調整係數 

CD – 在和周期 
CM – 含稅率 
Ct – 溫度 
Cg – 組合效應 
C∆ – 幾何尺寸（邊距、間距、端距等） 
…, 



下一步... 

•木构造接合设计基本原则 
•含水率的影响 
•接合的基本设计 
•紧固件类型 
•其他 



機械連接 

以摩擦力為基礎或承壓承載為基礎的： 
• 銷類緊固件 
• 特殊緊固件 
• 定型五金件 
• 機械連接系統 

Presenter
Presentation Notes
Mechanical connections are primarily either friction or bearing -based, usually involving some kind of dowel shaped connector with or without intermediary connection hardware.



機械連接 

Presenter
Presentation Notes
Here are some examples of mechanical connections made in variety of ways:  some using only wood, some with hardware, some with fasteners.



緊固件類型 



常用緊固件類型 

• 釘 (動力或人力釘入） 
• 騎馬釘 
• 六角頭木螺絲、木螺絲 
• 螺栓 
• 膠合梁鉚釘 
• 剪板和裂環 

 

Presenter
Presentation Notes
Common fasteners types for wood are nails, staples, lag screws, screws, bolts, rivets, split rings and shear plates. 




釘 

種類: 
 box nail 
 common nail 
 ring shank 
 sinker, cooler, … 

不同尺寸
（Pennyweights）: 
 2d, 4d, 6d, 8d, 10d, … 

 

Presenter
Presentation Notes
The common wire nail was typically the most frequently used fastener in wood construction and still may be for hammer driven nails due to their relatively thicker shank diameter that will better resist bending. However, with the advent of power driven nails and foreign manufacturing the common wire nail is now one of many types of nails in wide use including those with coated or deformed shanks.  Along with the increased use of power driven nailing has come increased confusion about nail nomenclature in regard to pennyweight, type, and sizes as older terminology may no longer be applicable. 
 
This section is aimed more at the traditional nail user where many years have contributed to the current design recommendations and vast amounts of data exist. Section 8.3.3 is devoted to the topic of power driven fasteners. An attempt will be made in both in this section and that of power driven fasteners, to explain the differences between traditional nail nomenclature and actual power driven nail sizes. 
 
Many types of nails have been developed such as those with deformed shanks and coated surfaces. Some of these are shown in Figure 8‑6.
 
<insert
Figure 8‑6 >
The diameters and lengths for the nails traditionally used in construction are shown in Table 8‑6.
 
<insert
Table 8‑6 >
 
Loading of Nails
1. Lateral or withdrawal loading results from a force applied perpendicular or parallel, respectively, to the axis of the nail as shown in Figure 8‑7. 
2. Nails should be laterally loaded and not subjected to withdrawal forces if possible. 
3. End-grain withdrawal (nails driven into wood parallel with the longitudinal fibers) is not recommended. 




釘的説明 

ASTM F 1667 同時使用penn單位和長度單位定義
釘種類 

 
 
 
Ex:  10d common = 0.148” x 3” 

 

Presenter
Presentation Notes
As can be seen in Table 8‑6 a particular pennyweight (e.g. 10d) can have a different diameter and/or length depending on its type (box, common, or sinker).  Both pennyweight and type (e.g. 16d and common) describe a particular nail size according to the standard ASTM F 1667 (the old standard still sometimes referenced is FF-N-105). Thus, pennyweight only refers to a range of diameters and lengths, not to a specific size, but to include both the pennyweight and the type would be to describe a particular length and diameter.
 
Perhaps in the past, pennyweight was used to specify a nail, and this may have been acceptable but today pennyweight alone is insufficient to specify a particular nail.  With the advent of power driven fasteners and increased import and non-domestic manufacturing, nails are more frequently being defined by their length and shank diameter. Confusion arises because along with nail dimensions printed on most power driven nails is a meaningless pennyweight label put there simply because many people “know pennyweight” (mistakenly think pennyweight describes a size). Different or even the same manufacture may sell the same pennyweight nails but they may have different dimensions. 
 
To avoid potential confusion the specifier should list both the pennyweight and type for those going by traditional nomenclature and the length and shank diameter for those using pneumatic nailers (e.g. 8d common, 2-1/2 x 0.131 inches).  A common error to avoid is to simply specify a pennyweight, such as 8d, because 8d alone doesn’t describe any particular nail size.  In fact, the range of actual nail sizes available as 8d for example would surprise many. Further discussion of power driven fasteners continues in Section 8.3.3. 



過度釘入 

過度釘入會降低性能表現 

APA TT-012 discusses issue and presents solutions  

Presenter
Presentation Notes
Overdriving fasteners can reduce performance and must be field checked to assure design intentions are carried through.

The following is an APA suggested guideline for determining if overdriven fasteners affect the shear capacity of diaphragm or shear wall construction[i].
 
1.	If all fasteners around the perimeter of panels appear to be overdriven by the same amount - about 1/16” (1.6 mm) - and it appears that panels have been wetted during construction, it can be assumed that the fastener embedment is due to panel thickness swelling.  This can be verified by measuring the thickness of panels where fasteners appear to be overdriven, and comparing to measurements where panels have been protected from the weather, or to the original nominal panel thickness which is part of the APA trademark.  In this case no reduction in shear capacity need be taken.
 
2.	If no more than 20% of the fasteners around the perimeter of panels are overdriven by up to 1/8” (3.2 mm), no reduction in shear capacity needs to be taken.
 
3.	If more than 20% of the fasteners around the perimeter of panels are overdriven, or if any are overdriven by more than 1/8” (3.2 mm), additional fasteners shall be driven to maintain the required shear capacity.  For every two fasteners overdriven, one additional fastener shall be driven.  If nails were used in the original installation, and are spaced too close to allow the placement of additional nails, then approved staples must be used for the additional fasteners required.
 
Another consideration that should not be overlooked when judging overdriven fasteners is the minimum nominal panel thickness required for the design shear.  If design shear for the construction requires a 15/32” (11.9 mm) minimum nominal panel thickness and the actual sheathing is 19/32” (15.1 mm) with all fasteners overdriven 1/8” (3.2 mm), the net result is a 15/32” (11.9 mm) panel, which meets the design shear requirements.
 
Do not forget to consider the maximum nailing recommendations when adding additional fasteners.  The recommendations prevent the splitting of the framing.  If the additional nails violate the minimum spacing requirements, use staples and ignore the original nails.
�[i] Andreason, K.R. and J.R. Tissell.  T94-9. Effects of Overdriven Nails in Shear Walls.  APA - The Engineered Wood Association. Tacoma, WA. 1994.




螺栓 

大尺寸緊固件 

Presenter
Presentation Notes
Bolted connections are attractive with either hidden or exposed connection hardware.  One consideration often forgotten is to allow erectors enough room to install and tighten the bolts / nuts, especially in junctions at tight angles or close proximity to other members.

Although bolts do not have as great a load-carrying capacity as timber connectors such as shear plates and split rings, described in Section 8.3.7, in most cases they provide more than adequate strength.  The bolts most typically used conform to ANSI/ASME Standard B18.2.1-1981, Square and Hex Bolts and Screws (Inch Series), American Society of Mechanical Engineers. Standard bolts range in size from 1/4 to 1-1/2 -in (6.35 to 38.1 mm) in diameter and from 1 to 16-in (25.4 to 406 mm) in length, as is shown in Table 8‑28.
 
<insert
Table 8‑28 > 
Steel bolts can be electroplated or galvanized. Special bolts for a variety of purposes may be made of aluminum, bronze, stainless steel, or even specialized wood products. The use of a high-strength bolt may or may not increase the allowable design value, as wood crushing can limit the connection strength.
 
Bolts are placed in predrilled holes that are 1/32 to 1/16 -in (0.79 to 1.59 mm) larger than the bolt diameter with the larger value applying to the larger-diameter bolts. Shrinkage of the bolt hole can be about 5 to 8 percent of bolt diameter across the grain; therefore, the larger hole size will minimize the potential for splitting of the wood if it dries to reach an equilibrium moisture content. Larger holes also facilitate field installation.
 
Washers are to be used with all bolts when the head or the nut will bear against the wood to prevent the head or nut from being drawn into the wood when the bolt is tightened. It is recommended that all nuts be tight (snug) at the time of installation. 
 
If bolt holes are not properly aligned, a considerable shift in the distribution of load to the bolts may occur, and excessive deformations may result. However, it has been found that normal fabrication tolerances have been sufficient for bolted structures to perform in an acceptable manner even if exposed to vibrations, shocks, and earthquakes. 



螺栓 

• 木構造中承載用螺栓的直徑不得超過25.4mm。 
• 直徑大於25.4mm的螺栓會在螺孔処產生橫紋受拉應
力，產生開裂。 

 
 

Presenter
Presentation Notes
Bolts and other dowel-type fasteners should always be less than 1” diameter.  Studies show that dowel diameters of 1” and larger have the capability to initiate high tension-perp stresses on the bolt hole that can induce splitting of the wood.

Is this true?  The NDS shows design values for 1” diameter bolts but not larger.



螺栓連接  

會產生較大的滑移現象因爲安裝螺栓時需要預先鑽孔。 
 
 
 Bolted 

SDS  
Screw 
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Presentation Notes
Bolts and other dowel-type fasteners should always be less than 1” diameter.  Studies show that dowel diameters of 1” and larger have the capability to initiate high tension-perp stresses on the bolt hole that can induce splitting of the wood.

Is this true?  The NDS shows design values for 1” diameter bolts but not larger.



緊固件組合中的局部應力 

• 間距較近的緊固件 
–脆性破壞 
–較低的承載力 

• 設計中應攷慮木材破壞機理（這
是指除了屈服模式計算） 

Presenter
Presentation Notes
Where a fastener group is composed of closely-spaced fasteners loaded parallel to grain, the capacity of the fastener group may be limited by wood failure at the net section or tear-out around the fasteners caused by local stresses. 



緊固件組合中的局部應力 

• 適當增加緊固件間距 
– 增加延性 
– 提高強度 

Presenter
Presentation Notes
By increasing the spacing between the fasteners, much higher capacity and ductility is achieved, even with fewer fasteners!

The 2001 Edition of the National Design Specification ® (NDS ® ) for Wood Construction contains editorially clarified provisions for checking stresses in members at connections. The following requirements, included in the 2001 NDS, are also applicable to all prior editions of the NDS: 
Stresses in Members at Connections - Structural members shall be checked for load carrying capacity at connections in accordance with all applicable provisions of the NDS. Local stresses in connections using multiple fasteners shall be checked in accordance with principles of engineering mechanics.
One method for determining these stresses is provided in Appendix E from the 2001 NDS, which is also available free from www.awc.org. All referenced sections and design values used in sample solutions of this Addendum are based on information in the 2001 NDS.



接合技術 

螺栓和鋼板用在重型桁架中 

Presenter
Presentation Notes
On the other hand, heavy truss joints are expressed through these bolted plate steel connections.



柱中部分密封的鋼螺栓 

Hidden kerf plates 

接合技術 

Presenter
Presentation Notes
Bolts can be used to build-up members such as these columns - an excellent example of wood working in compression.  Note that the base and branch connections to the ceiling members are very simple.  Hidden kerf plates at the base also add a measure of fire resistance to the connection in that the steel plates are buried in the wood which acts as an insulator.  Countersinking and plugging (not shown here) has the same additional effect.

These are steel bolts and not wood bolts.  This needs to be changed in the title.



特殊連接件 

• 剪板 

Presenter
Presentation Notes
Shear plates have a long history and are still used, especially for large section glulam applications.  In glulams which can achieve depths up to 84” or more, the scale of shear plates resembles that of nails in a 2x12.  Split rings require special tooling of the wood for fit which can be performed off site for immediate erection on arrival.  These were featured in the PSL frame joints the the Forintek Canada Corp laboratory Library frame shown here.  Their discrete finish provides a very clean-looking connection.  Bolt heads could be countersunk to make the connectors completely disappear.

Split rings are also suitable for joining wood to dissimilar materials such as steel or concrete (separator must be used between wood and concrete) since only 1 shell needs to be installed in the wood.





特殊連接件 

Presenter
Presentation Notes
More examples:

South Surrey Ice Arena erection, 4-hinged counterbalanced PSL truss frame, near White Rock, BC Canada

FERIC Building, PSL columns, glulam beams, Vancouver Canada





• 裂環 

特殊連接件 

Presenter
Presentation Notes
Split rings are primarily wood-to-wood connectors requiring special tooling before sending to the site for erection.  In scale, they are treated much like shear plates, although many have been found in pin-jointed wood truss applications in buildings dating back to pre-1940.




哪個是哪個？ 

特殊連接件 

Presenter
Presentation Notes
Can you tell from the outside?





下一步... 

•木构造接合设计基本原则 
•含水率的影响 
•接合的基本设计 
•紧固件类型 
•其他 



www.apawood.org 
www.awc.org 
www.cwc.ca 
www.southernpine.com 
 

Web sites... 

Presenter
Presentation Notes
Go online to any of these web sites for connection information….

http://www.apawood.org/�
http://www.awc.org/�
http://www.cwc.ca/�
http://www.southernpine.com/�


總結.. 

1) 連接中應避免橫紋抗拉 
2) 考慮構件因含水率變化引起的尺寸變化。 
3) 減少端部水分吸收 
4) 避免水分在連接中的堆積 
5) 採用多個小尺寸的連接，增加超靜定次數。 

Presenter
Presentation Notes
These are the key points to take home from this presentation.  They will guide you to achieving the right connection solution for wood structures.
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Presentation Notes
Wood can connect to anything - even itself.
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Wood can connect to anything - even itself.
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